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ABSTRACT 


A detailed oceanographic survey of the coastal waters between 
Monterey Bay and San Francisco Bay, California, was conducted from 
10 through 18 May 1969. Measurements of beam transmittance, sound 
velocity, temperature, and particulate count were obtained. Over 
500 water samples were taken for particulate analysis. 

The optical properties of this region were found to be very 
complex. The waters appeared to be affected by flow fram San Francisco 
Bay, littoral material, upwelling, and possibly sewage outfalls during 
the survey. A greater volume of water with low transmissivity and 
high particle count existed in the northern region of the survey area 
than in the southern region. An eddy system between Monterey Bay and 
Point Ano Nuevo was suggested. 

Approximately 90 percent of the particles affecting beam trans- 
mittance were less than 12 uy in diameter. Particle sizes were found 
to decrease with increased depths. A fairly good correlation of beam 
transmittance with particle count was observed except in near shore 


aleas. 
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I. INTRODUCTION 


A. PURPOSE 
The recent rapid increase in the application of oceanography 
to solve military, economic, and recreational problems has dictated 
a need for additional data on various properties of the sea. One 
branch of oceanography that is able to assume a significant role in 
solving these problems is optical oceanography. The inherent optical 
properties of sea water and the distribution of underwater light, 
which are intimately related to the physical, chemical, biological, 
and dynamic conditions of the sea, can be used to characterize water 
masses. A number of investigations have been conducted to delineate 
the relationships between the optical properties of the sea and other 
oceanographic parameters, in order that optical measurements may 
become more useful in the study of the world's oceans. One such 
investigation, involving a specific optical parameter, light atten- 
uation, was conducted in Monterey Bay late in the summer of 1968 Iza 
The present study involves an extension of that work. The initial 
goals were: (1) to provide detailed information on the distribution 
of light transmissivity in the coastal waters inmediately to the north 
of Monterey Bay; (2) to further investigate correlations between light 
attenuation and other oceanographic parameters; (3) to determine coastal 


influences on the optical properties in the region; (4) to investigate 


‘ Numbers in brackets refer to the listing in the Bibliography and 
the page number of the item cited. 
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the movement of particulates along the coast between San Francisco 
Bay and Monterey Bay; and (5) to study the near bottom profile of 
particulate matter. 

To achieve these goals 79 oceanographic stations were occupied 
in the region of interest, and the following specific parameters 
were obtained during the period 10 to 18 May 1969: Beam transmit- 
tance, sound velocity, depth, temperature, salinity, and size 
distribution of suspended particulates. 

Upon completion of the program of observations it became apparent 
that the present work would provide the first extensive detailed study 
of the coastal waters between San Francisco Bay and Monterey Bay -- 
waters which are being considered seriously as future sites of major 


oceanic sewage outfalls [17]. 


B. BACKGROUND 

To interpret the optical properties of natural waters it is 
necessary to understand the primary factors affecting the propagation 
of light in these waters. The ocean is an absorbing and scattering 
medium for light [12,pl]. The scattering is caused by the water 


itself and by suspended particulate matter, while absorption is caused 


by the conversion of light energy into heat. A beam transmissometer@ 
is an instrument having its own light source and receiver, which can 
be used to measure the total light attenuation, including both scat- 
tering and absorption losses over a fixed path length. Such an 
instrument can be very useful in the study of coastal waters [8,p74]. 
The influence of suspended particulates on light attenuation can 
be observed. The sources of particulates in the ocean have been 
pointed out by Jerlov [7,p73]. They can be living organisms, detritus, 
inorganic or organic material from land or the bottom of the ocean, 
and airborne terriginous dust. Burt [4] in his study of Chesapeake 
Bay indicates wind mixing and tidal scouring as mechanisms for the 
introduction of particulates to shallow water. Fukuda [6] has noted 
the influences of irregular topography on attenuation. An increase 
in sea water light transmissivity and a decrease in particulate content 
with increasing distance fram shore and influences associated with the 


coast have been observed [3]. 


; A beam transmissameter may be also called a beam attenuation 
meter or "c-meter". It is sometimes called an "alpha-meter". This 
is pointed out because a firm basis of definitions, applicable to 
optics in the sea, has not been fully adopted. As a result, a confusing 
use of terminology in the literature has sometimes occurred. The UNESCO 
Committee on Radiant Energy in the Sea recognized the need for stand- 
ardization of definitions and introduced specific terms to be used [1ll,p3]. 
For the purpose of clarity, the UNESCO definitions are followed in this 
paper. 


The intensity of a beam of light, I, received from a source, I, 
which has traveled over a path length, x, and has been subjected to " 
absorbing and scattering losses is given by: I =I,e™. c is under- 
stood to be the sum, c=a+b; a represents the effects of absorption 
alone, while b represents the effects of scattering. For a one meter 
path length, x = 1m,andI=Ie¢°. Transmissivity per meter is defined 
as) =i ioe whyle percent transmissivity is 100 I/I, = 100e°, if 
the units Of c arem~. 
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The horizontal and vertical distribution of suspended material 
results in characteristic optical signatures for given regions of the 
oceans. The horizontal patterns of suspended material in coastal 
waters may be highly complex and are governed by wind drift currents, 
tides, and land runoff [4,10]. The vertical distribution of partic- 
ulate matter as measured by optical means has been discussed extensively 
by Jerlov [11], Fukuda [6], and Joseph [12]. It should be noted that 
the majority of particles generally tend to collect in the pycnocline, 
but since the pycnocline is very often determined mainly by the tem- 
perature structure, one finds particle maxima associated with the 
thermocline. Ball and Lafond [2] noted that the particulate maxima 
could occur either at the top of bottam of the thermocline. Joseph [13] 
has noted that during upwelling high particle content and low transmis- 
Sivity can be expected, and that there is a need for more beam atten- 
uation measurements in upwelling waters. In shallow water a logarithmic 
increase in particulates with decreasing distance to the bottom has 
been noted. But the observations have been inconsistent and the precise 
reasons for such an increase are still in question [12,pl163]. Measure- 
ments in coastal waters have shown that the general horizontal and 
vertical distributions of particulates and attenuation are easily 
altered by topography, local winds, tides, and land drainage, and that 
patchiness is not uncommon [2,4,10,13]. This patchiness may make 
contours, based on the connection of single observations at various 
locations, misleading as compared to a time study of a given location. 

The data of Yeske and Waer [21,p73] indicate that approximately 96 


percent of the particulates affecting beam transmittance in Monterey 


LS 


Bay were less than 8.5h in diameter? They found particle sizes 
to decrease with depth. 

Another factor that must be contended with is the possible 
eeece of dissolved substances which affect absorption. Such 
dissolved matter is often referred to collectively as "yellow 
substance" or "Gelbstoff" [12,p169]. Since yellow substance is 
presumably formed from decomposed organic matter, it can be expected 
that land drainage is a potential contributor to its presence in 
coastal waters. Jerlov also points out, however, that it has appeared 
in areas of upwelling that are free of coastal influences [12,p53]. 

A less important pigment which directly affects optical properties 
is chlorophyll A. This is the most abundant type of chlorophyll found 
in green algae. Determination of this substance can aid in determining 
biological activity and, thus, possibly account for particulate maxima. 
Fair correlation between chlorophyll content and transparency, as 
determined from Secchi disc readings, has been obtained [14]. 

Land drainage has been mentioned as a factor which influences the 
optical properties of the ocean. Optical investigations in general 
have considered only river flow as a drainage source. The utilization 
of natural bodies of water as sumps for sewage effluent has increased 
tremendously with the growth of communities and industries. Asa 


result of this, the transparency of near shore waters has received 


2 This value is different from that given by those authors. The 
reason for the correction is given on page 56 


‘ Tyler has written a very worthwhile paper concerning the 
accuracy and use of the Secchi disc in making attenuation measure- 
ments [19]. 
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considerable attention [18 ,p28] .> Perhaps the one most concerned 
with this problem is the marine biologist who considers that 
decrease in water transmissivity may be one of the biggest factors 
associated with ecological changes, for the light available for 
photosynthesis is then reduced. Thus, beam transmittance measure- 
ments are of the utmost importance to marine waste disposal research. 
In general there exists a need for more transmissivity data to 


evaluate the effect of waste on the receiving waters [12,p163,18,p29]. 


C. OCEANOGRAPHIC CLIMATOLOGY 

The area of study is located in the California Current, which 
flows southeastward between a cell of high atmospheric pressure to 
the west and one of low pressure to the east, and which is described 
in detail by Reid, et al. [15]. Upwelling generally occurs in the 
region from April through August at a time when the two cells became 
more intense and move closer together [Appendix A, Fig. 15], and is 
strongest in the study area from May through July [15,p30]. It was 
anticipated that near surface measurements of low transmittance, high 
particulate count, high chlorophyll, low temperature, and low salinity 
would be observed in areas of upwelling. Winds were expected from the 
north and northwest. 

In an effort to establish an oceanographic climatology for the 
study area during the period of survey that could be used for comparison 
with cruise data, it was found that past detailed measurements were 


extremely scarce. The past data that was found [Appendix A] is from 


? The term transparency is often employed loosely. It is used 


here to indicate the depth at which a Secchi disc ceases to be 
distinguishable from the field of upwelling light in the ocean. 


MS 


the California Cooperative Oceanic Fisheries Investigation (CALCOFT) 
Atlases [5,20] and the Final Report of San Francisco Bay-Delta Water 
Quality Control Program [17]. The latter report was undertaken to 
review and collect oceanographic data along the coast from just north 
of San Francisco to Monterey Bay in order that a decision could be 
made as to where to place major sewage outfalls to handle the increasing 
waste disposal problem in the San Francisco Bay-Delta region. The study 
was conducted by the firm of Kaiser Engineers with assistance fram 
various State and Federal agencies in an area within the region of 
interest of the present work. Figure 1 indicates the stations occupied 
during the Kaiser study. The geographical landmarks adjacent to the 
ocean stations occupied by Kaiser were Pillar Point (PP), Point Ano 
Nuevo (AN), and Sandhill Bluff (SB). Measurements for the Kaiser report 
were gathered on several days a month from July through December 1967. 
Monthly average surface temperatures obtained from ocean surface 
isotherm charts published by Tiburon Marine Laboratory, U. S. Bureau 
of Sport Fisheries and Wildlife, for the region are shown in Appendix 
A, Fig. 16-18 [16,Fig.VII-6,VII-7,VII-8]. Surface temperature at all 
the station locations is lowest in March and increases through May. 
The CALCOFI ten-year mean temperature data for a depth of 10 meters is 
shown in Appendix A,Fig. 20[4].The lack of detail for the region of 
interest (indicated by shading) is easily seen. A temperature increase 
for this region through May may be inferred. This rise in temperature 
as shown by past data was not considered high enough to discount the 
possibility of encountering upwelling during the period of study. 
Representative temperature profiles for the upwelling period at the 
Kaiser stations are shown in Appendix A, Fig. 20 [17, Fig. VII-ll]. It 


should be noted that these profiles are for the latter part of the up- 


welling period. 
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Monthly mean salinity measurements at North Farallon Island, 
California, and Pacific Grove, California, show increasing salinity 
beginning about one month after minimum temperatures occur. CALCOFI 
ten-year mean salinity data for a depth of 10 meters, shown in Appendix 
A, Fig. 21,indicate an increase in salinity occurring through the 
spring [5]. 

During the upwelling period, the offshore current direction 
[Appendix A, Fig. 22] is primarily to the south, while nearshore the 
flow is to the north [17, Fig. VI-8]. Special note should be taken 
of a counter-clockwise current cell located to the south of Pt. Ano 
Nuevo. CALCOFI ten-year mean surface geostrophic current measurements 
for May [Appendix A, Fig. 23] tend to support this current description 
[(Zoy 

No transmissivity, particulate, or chlorophyll measurements are 


available for comparison during the upwelling period in this area. 


D. COASTAL INFLUENCES 

Past work has indicated that one must not ignore such coastal 
influences as topography and land drainage in optical studies of 
coastal waters. The coastal area involved in this survey extended 
from the entrance of San Francisco Bay to the Northern end of Monterey 
Bay -- a total of 107 nautical miles of shoreline. 

The shoreline from San Francisco Bay to Pigeon Point is high and 
rocky. The coast is broken only by several small streams. There are 
seven sewage outfalls located along the coast. All outfalls in the 
study area with their average flow in millions of gallons per day are 


plepred an Fig. 2. 
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Between Pigeon Point and Pt. Ano Nuevo the coast is low and rocky. 
Several small streams and one sewage outfall are located between these 
points. 

From Pt. Ano Nuevo to Santa Cruz the shoreline is composed of 
sanddunes and sandstone cliffs. Again only small streams and two 
sewage outfalls drain into the waters. 

Monterey Bay is a semi-elliptical bay having low shores and 
sandy beaches. Three rivers enter the Bay but are not 
considered in this study. Seven sewage outfalls are located within 
the Bay. 

The offshore bottom topography shows that the continental shelf 
is about 26 miles wide off San Francisco Bay and gradually narrows to 
6 miles off Santa Cruz where it is interrupted by Monterey Submarine 
Canyon. In general the shelf along the entire coastline consists of 
sand and mud, except off the rocky coastline where rocky bottams 
extend out to about 1 mile. Detailed descriptions of the geological 
and topographical features of this area can be found in the Kaiser 


report [16,pIV-1l]. 
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II. OBSERVATIONAL PROCEDURES 


A. CRUISE PLAN 

The study was conducted aboard the USNS DE STEIGUER (T-AGOR 12) 
during the period 10-18 May 1969. The study area was the entire 
coastal water region between San Francisco and Monterey Bays. Station 
selection was based on the following criteria: To occupy stations 
throughcut the entire study area; and to provide as much station 
density as possibie in order that a detailed picture of the optical 
characteristics of the coastal waters affecting Monterey Bay could 
be obtained. 

The cruise was limited to eight days, and thus a preliminary survey 
technigue such as that utilized by Jerlov in the Adriatic [10], while 
desirable to optimize station location, was not feasible. Therefore 
a series of 87 staticns along tracks extending from the coastline were 
decided upon. The lengths of station iines were chosen such that the 
furthermost stations would be relatively free of near shore influences. 
Station lines were taker across the entrances to San Francisco and 
Monterey Bays. Station spacing waS approximéetely cone mile near the 
coast and from three to five miles farther out. Figure 3 shows the 
position of each station. Table 1 contains the positions at the 
beginning and completion of sampling at each station. Station lines 
were occupied in alphabetical order, D through S. Stations within a 
given station line were sampied in numerical order. The first station 
of the cruise track was D-i; the last station was S-2. Station positions 
were determined by a RCA CRN-NIC-75 radar. Position accuracies vary 


Eeomet 0.5 to oe nmi. The location of the vertical cross sections 
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examined are shown in Fig. 6. Figure 4 indicates which stations 
were occupied during daylight hours and which during nighttime. 
For the purpose of the figure, daylight is defined as 0600-2000 
hrs Pacific Daylight Time (PDT). It is presented as an aid in 
interpreting transmission and particulate profiles, which could 


be affected by marine life undergoing diurnal vertical migration. 


B. SAMPLING PROCEDURES 

The basic plan for data collection at each station was to make 
a total of three casts. The first cast would consist of a beam 
transmittance meter (c-meter), sound velocity-temperature-depth probe 
(SV/T/D), and a salinity-temperature-depth probe (S/T/D) on 4HO wire. 
This technique would allow for a simultaneous measurement of beam 
transmittance, sound velocity, temperature, salinity, and depth. 
Readings were to be taken on both down and up cast to determine if 
beam transmittance changed noticeably. Upon evaluation of the light 
attenuation readout,teflon-lined Nansen bottles would be placed on 
3/16" hydrographic wire to collect water samples at selected depths 
of interest for particulate and chlorophyll A analysis. The third 
Cast would consist of lowering a bottom water sampler, designed by 
the author, to collect near bottom water samples for particulate 
analysis. Expendable bathythermographs (XBT), mechanical 
bathythermographs (MBT), and protected reversing thermometers 
were to be utilized at various stations for calibration checks on 
the SV/T/D and S/T/D. 

The actual field work did not coincide completely with the initial 
plan due to equipment failures, battery charge requirements, shortage 
of time, and better techniques discovered. Appendix F presents a cruise 


summary and a table illustrating the equipment used at each station. 
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When the water sample cast was retrieved, chlorophyll and 
particulate samples were drawn from the Nansen bottles. Particulate 
samples were preserved in 200 ml plastic bottles with 10 ml of Lugol's 
iodine solution [20,p99]. 5 Chlorophyll samples were prepared by 
filtering about one ml of water through Whatman GF/C glass fiber 
filters. The filters were folded, placed in plastic bags, and 
immediately frozen. Magnesium carbonate was added to prevent acidity 
and subsequent pheophytin formation [16]. Some 524 particulate samples 
and 470 chlorophyll samples were taken. 

The temperature profiles resulting from the 17 XBT casts which 
were made are contained in Appendix El, while the major features of 
the temperature structure obtained from the 7 MBT casts which were 
made are contained in Appendix E2. 

The seas were calm and the sky was overcast during the entire 
cruise. Winds were light and variable from the beginning of the 
cruise until the midway point after which they were predominately 
from the northwest. Weather data were taken every four hours and 


are included in Table l. 


: The formula for Lugol's iodine solution is: l g iodine and 3g 
potassium iodide per 300 cm? distilled water. Following preparation 
the solution is filtered through 0.45 u: millipore filters. 
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ITT. EQUIPMENT DESCRIPTION 


A. BEAM TRANSMISSOMETER 

A Marine Advisors Model C-2 c-meter was used throughout the study. 
This is the same type of instrument used and described by Yeske and 
Waer [20,p15]). One correction to their description of the instrument 
is that the selenium photovoltaic cell used by them, as well in the 
present work, was an International Rectifier 49-1260 rather than an 
International Rectifier DP-2. 

The optical filter arrangement was identical to that used by Yeske 
and Waer. That is, Eastman Kodak Wratten 61 gelatin filters were used 
in conjunction with Schott BG-18 filters for reduction of optical 
bandwidth and minimization of coastal water absorption and elimination of 


infared during air calibration. 


B. SOUND VELOCITY-TEMPERATURE-DEPTH SYSTEM 

A Ramsey Engineering Co. Mk-1 Deep Sea SV/T/D probe was used 
extensively throughout the cruise. It is a battery operated instrument 
which measures sound velocity, temperature, and pressure directly. 
Data are transmitted to shipboard equipment through electrical 
conducting cable as frequency modulated tones and can be displayed 
in both analog and digital form. The instrument probe is 25 inches 
in overall length and weighs 78 pounds in air. It can withstand a 
maximum pressure of 10,000 psi. 

Sound velocity 1s measured directly by the "sing-around" method [7]. 
A 4 MHz pulse of sound is generated and transmitted through the water 
over a path of fixed length to a receiving transducer where it is 
amplified and caused to generate a new sound pulse. A sound path length 


of 25 cm is employed. 
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Temperature is sensed by a pair of thermistors located near the 
center of the sound path. These themistors are part of the resistive 
branch of the frequency determining network of a Wien bridge temper- 
ature oscillator. A special compensation network is used to linearize 
and fit the frequency-versus-temperature characteristics. 

Depth is determined as a function of pressure, which is measured 
with a Vibrotron pressure transducer. 

The manufacturer's specifications state that the sound velocity is 
1400 to 1600 meters per second with an accuracy of + .02 meters per 
second; temperature range is -2°C to +30°C with an accuracy of + .02°C; 


the depth is measured to within + .25% of the actual depth. 


C. SELF-CONTAINED SALINITY-TEMPERATURE~DEPTH MEASURING SYSTEM 

A Bisset-Berman Model 9030 S/T/D was used in the investigation. 

The system is a completely self-contained, battery operated, in situ 
instrument which measures and records in digital form salinity, tem- 
perature, and depth data by means of an incremental tape recorder. It 
was lowered for casts on nonelectrical hydrographic wire. The instrument 
weights 120 pounds in air and has an overall length of 37 inches. Its 
maximum depth limit is 4000 meters. 

Unfortunately the cap of the instrument housing was designed for 
quick removal. Two cap retaining screws are attached to opposite sides 
on the outside of the housing, which pivot into slots in tabs which 
project from either side of the cap. The cap is then held in place by 
large wing nuts which project a considerable distance above the top of 
the cap. Had the two cap retainer screws and wing nuts been less 
exposed, the instrument would not have flooded (see Appendix Fl). It 


is strongly recommended that such caps be modified for any future work. 
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Salinity is determined in the S/T/D by sensing conductivity, tem- 
perature, and pressure in a bridge circuit which as an output error 
Signal that is a function of salinity only. Conductivity is detected 
by means of an inductively-coupled sensor which uses seawater to form 
a conducting loop cammon to two coaxial toroidal inductors. The 
primary temperature compensation Circuit consists of a double bridge 
network incorporating two precision platinum resistance thermometers 
for measuring seawater temperature. A secondary compensation circuit 
compensates for the fact that the primary temperature compensation 
circuit is only accurate at a salinity of 35°/oe. It is connected in 
series with the output of a balance amplifier and the primary temper- 
ature circuit. The result is that the output of the balance amplifier 
is the sum of both temperature circuits and is independent of temper- 
ature for all values of salinities. The pressure compensation circuit 
Simulates fractional increases in conductivity with pressure at any 
temperature. This is accomplished by the pressure transducer which 
supplies an amplifier input proportional to pressure. The gain of 
the amplifier is determined by a negative feedback circuit containing 
a thermistor. This results in a gain which varies with temperature. 

The temperature measuring. circuit consists of a temperature sensing 
bridge having sensitivity and zero-adjust circuits. The sensing element 
is a platinum resistance thermcmeter. 

The pressure measuring circuit consists of a pressure-sensitive 
strain gage bridge with zero and range adjustments. 

The incremental tape recorder is a 7-track, IBM compatible recorder, 
capable of holding up to 100 feet ot half inch wide magnetic tape. Total 
capacity is 200,000 characters, while the recording rate is 50 characters 


per second. 


According to the manufacturer, the salinity measurement range is 
31 to 36°/oe with an accuracy of + .02°/..; temperature is measured 
from 2°C to 27°C to an accuracy of + .026°C; and depth is measured 


with an accuracy of + .25% of the depth. 


D. BOTTOM WATER SAMPLER ASSEMBLY 

A sampler was designed to investigate the near bottom particulate 
profile by taking water samples at precisely known heights above the 
bottam. The assembly consists basically of two coaxial steel pipes 
and attached water collection bottles. A schematic of the sampler 
is given in Fig. 5 (note that the diagram is not to scale). 

The inner 3 1/2 inch 0.D. pipe has a one-quarter inch thick steel 
disc attached to it. Tripping bars, attached to the inner pipe, 
protrude through slots in the outer pipe. The outer 4 inch O.D. pipe 
has a padeye at its upper end for attachment to the hydrographic wire 
and an inner restrainer from which the inner cylinder 1s suspended 
during lowering. 

Three Kahl one liter plexiglass water samples were used. The 
bottles were inverted on the sampler and tripped simultaneously by 
the tripping bars. 

It is assumed that the sampler strikes the bottom vertically and 
provides water samples at distances 20, 70, and 120 cm above the 


bottam. The sampler was used at three stations. 


E. COULTER COUNTER 
A model A Coulter Counter was used for particulate analysis. This 


was the same instrument used and described by Yeske and Waer [20,p15]. 
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The measurement procedures followed were similar to those of 
Yeske and Waer, with the exception that the entire assembly was 
surrounded with a copper screen to eliminate outside electrical 
interference, which could lead to false counts. A gain setting of 
four was used. 

The final sample for a given day was run as the first sample for 
the following day, in order that any instrument malfunctions could be 


determined. 


F. EXPENDABLE BATHYTHERMOGRAPH SYSTEM 

A Sippican XBT system was used periodically during the cruise. 
The basic units of the system are an expendable probe, a launcher, 
and a recorder. 

The probe consists of ballistically shaped housing containing a 
calibrated thermistor connected to a spool of wire. When the XBT is 
launched, the wire unwinds allowing it to fall at a constant pre- 
determined velocity without being affected by the forward speed of 
the ship. 

The recorder is a conventional chart type and has a null-balance 
positioning system. Since the rate of descent of the XBT is known, 
depth is recorded directly on the time axis of the chart. 

The manufacturer's specifications state that the temperature range 
1s -2°C to +35°C with an accuracy of + .2°C and depth range is 1500 


feet with an accuracy of + 2% or 15 feet, whichever is greater. 


G. MECHANICAL BATHYTHERMOGRAPH 
A Type OC-1 (200 ft) Naval Oceanographic Office MBT was utilized 


periodically during the cruise at shallow stations. 
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IV. ANALYSIS OF OBSERVATIONS 


A. INTRODUCTION 

Since throughout the cruise several instruments were used to 
measure the same parameters, instrument evaluations were required. 
This undertaking resulted in the decision to disregard all S/T/D 
data. The reasons for this decision were based on comparisons (not 
shown) of temperature profiles at stations during which XBT, SV/TA, 
and S/T/D casts were made and of salinity data as obtained by means 
of Nansen casts. This unexpected performance resulted in the avail- 
ability of salinity data at only four stations (Table 5). 

Because of time requirements, chlorophyll samples have not been 
analyzed at the time of writing. 

The purposes of this research have dictated that the data be 
utilized to describe the optical properties of the study area during 
the upwelling period of the California Current System; and to cor- 
relate the several measured oceanic parameters with light attenuation. 
To accomplish these tasks data have been presented in the form of 
horizontal and vertical contour charts, station profiles, and relative- 
Size distribution historgrams for particulates. In several cases the 
same figures are referred to in the description of the area and in the 
correlation of parameters. 

Horizontal contours of beam transmittance, temperature, and particle 
count were made at depths of 0, 10, 20, 40, and 61 meters. The greatest 
depth is that selected for the proposed sewage outfalls shown in Fig. l. 
Station positions are indicated on all the contour charts to show the 


density of points used in drawing isopleths. Intervals of isopleths 
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were selected to illustrate as much detail as practicable. Particle 
count is plotted as oe times the count per 2 ml sample. SV/T/D, 
XBT, and MBT data were used in temperature plots. 

Vertical contours of beam transmittance, temperature, and particle 
count were also plotted. These contours were drawn separately and 
then transferred to each other in order to obtain beam transmittance- 
particle count, beam transmittance-temperature, and temperature- 
particle count overlays. Beam transmittance contours are plotted at 
10%/m intervals, temperature at 0.5°C intervals, and particle count 
as required to optimize definition. 

Appendix C presents the station profiles of beam transmittance, 
temperature, particle count, salinity, and calculated density against 
depth. For purposes of illustration Appendix D contains particulate 
size histograms for representative stations throughout the study area. 
Histograms for the remaining stations could be plotted using Table 4 
on p. 283 - 308, which shows the Coulter count in relation to time, 


depth, and relative pulse heights. 


B. AREA DESCRIPTION 
1. Horizontal Contours 

Appendix B presents contours of measurements made during 10-18 
May 1969. There are two very distinct areas, which appear on all the 
Charts and are of special interest. The first is located approximately 
20 nautical miles (nmi) west of Point Montara and the second is just 
off the coast of Point Ano Nuevo. 

An examination of the temperature structure at the Point Montara 
Site reveals a core of cold water which extends from below 61 m to the 


surface. A spreading of this core occurs with decreasing depth. The 
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particulate contours show a high count in approximately the same 
area at the surface and at 10 m, but at greater depths this feature 
disappears. Beam transmittance isolpleths illustrate the same type 
of behavior as do those for particulates. Low transmissivity occurs 
in the region of interest down to 10 m, but by 20 m this feature is 
no longer present. 

Before concluding that the high particle count and low trans- 
missivity are being caused by upwelled water, possible coastal influences 
on particle count and transmittance were analyzed. Two effects could 
influence this phenomenon, namely, the tidal flow from San Francisco Bay 
and the complex of sewage outfalls around Point Montara. The tidal 
prism for San Francisco Bay (i.e., the volume of water between high and 
low tide) is 50 X 10° cu. ft. Fifteen to twenty percent of the prism 
is replaced by new ocean water each tidal cycle. This is the principal 
mechanism by which pollutants are ultimately removed from the Bay. The 
average outfall of river water coming out of San Francisco Bay during 
the period of 10-18 May, as measured just within the Bay entrance, was 
36,000 million gallons per day[1|The flow volume of the various coastal 
sewage outfalls are shown in Fig. l. 

While these coastal influences should have a pronounced effect 
on the near shore waters, the characteristics of low transmissivity, 
high particle count, and low temperature appear to be due to another 
cause. There are high particle counts and low transmissivity near the 
mouth of San Francisco Bay and near Point Montara, but both are separated 
from this area by lower particle counts and higher transmittance readings. 
It was also observed that the highest particle counts and lowest trans- 


missivity occur in the area of the temperature low. The assumption is 
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made that these coastal influences could be reaching this area, but 

it is concluded that upwelling exerts the greatest influence on these 
waters. Reid [15] has pointed out that salinity increases with depth, 
instead of the normal decrease to a minimum, in upwelling waters. All 
Four salinity profiles show an increase in salinity with depth. The 
surface salinity at N-7 is the highest of the four, thereby adding 
credence to the conclusion this is an area of upwelling when considering 
the temperature, particle count, and transmissivity data. The require- 
ment of northwest winds to produce upwelling was present during the 
period of observation as can be seen in Table l. 

It is proposed that the upwelling is coming up the continental 
Slope fram a depth of about 200 m. The depth suggested is based on the 
fact that at N-14 the temperatures at 201 and 303 m are 8.53 and 7.05°C 
respectively (see Table 2, p 268), while the lowest temperature recorded 
at N-10, which is in the center of the core, is 7.12°C at 98 m (see 
Table 2, p 266). As the upwelling water attempts to move toward the 
coast it is impeded by the natural southerly flow of the California 
Current and the flow from San Francisco Bay. This results in the complex 
Spreading in the north and narrowing to the south. A conclusion is not 
made as to whether the upwelling is beginning or subsiding. 

Looking at the temperature structure near Point Ano Nuevo, one 
notes the complexity of the situation. With no past models to guide the 
contouring, the final patterns drawn should not be considered as exact, 
as the data allowed various other patterns to be drawn. In all cases 
however, the contours were complex. 

The isotherms maintain an interlocking pattern through the 20 m 


J 


Chart, from which the possibility of the meeting of water masses to a 
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depth of at least 20 m may be inferred. Particulate contours suggest 
the same effect to 20 m, except for a high particle count at J-5 
down to below 61m. Beam transmittance contours are not as complicated, 
but a suggestion of water masses meeting is present. There is nota 
corresponding low transmittance for "good" correlation with the high 
particulate count at J-5. Examination of the vertical contours of 
Cross Sections 5, 11, 12, 13, and 14 [Appendix C2] reveals the pos- 
Sibility of interacting water masses and will be discussed in Section 
TE. 21s 

It is felt that the patterns which resulted are due to an eddy 
system at Ano Nuevo (previously mentioned in II.C.). Furthermore, it 
is concluded that this eddy system possibly exists to depths of 20 m. 
The reason for the particulate high at 50 m at J-5 is not known. There 
are no major outfalls or unusual topographic conditions existing at 
these stations to account for this high. Coulter counts were retaken 
for certain samples in this area, producing essentially the same results. 

2. Vertical Contours 

Vertical contours along lines approximately "parallel" and 
"perpendicular" to the coastline are examined. Figure 6 shows the 
cross sections considered. They are labeled 1 through 16, with the 
numbers appearing at the ends of the corresponding sections. "Perpen- 
dicular" cross sections are l, 2, 4, 6, 7, 8, 9, and 10 are presented 
in Appendix Cl, beginning at p 90, while "parallel" cross sections 
are 3, 5, 11, 12, 13, 14, 15, and 16 and are presented beginning at 
pl1i5 of Appendix C2. 

a. Perpendicular Cross Sections 

The 30, 50, and 70 percent beam transmittance isopleths 


are utilized to describe the area's waters as "turbid", "relatively 
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turbid", and "clear" respectively. The cross sections will be examined 
beginning with the waters immediately to the northwest of Monterey Bay 
and proceeding up the coast to San Francisco Bay. Finally, the effect 
of the motion of these waters south toward Monterey Bay is discussed. 

Cross Section 4 (p 97 ), to the southwest of Santa Cruz, 
shows a wedge of turbid water at depths of zero to eight meters at 
the coastline and at the surface at H-7. Relatively turbid water 
extended out along the surface to just beyond H-6. At this point it 
can be traced downward to a depth of 15 mat H-5. This depth marks 
where clear water intrudes from H-4. It is then seen between H-7 and 
H-8 at 25 m and down within 30 m of the bottcom. Of particular interest 
is the 40% transmittance reading obtained at zero and two meters at H-2, 
a value which is significantly lower than for surrounding stations. 
Particulate counts at the same depths are higher than for encompassing 
water and are thus in accord with the transmissivity data. The 11.0 
and 10.5°C isotherms display a distinct upward bulge at H-2 near the 
surface as campared to the remaining isotherms. This is suggestive of 
localized upwelling near this station,although the direction of flow 
is thus far not indicated. 

At Cross Section 6 (pl00) , south of Point Ano Nuevo, one 
notices an increase in the volume of turbid water extending out from 
the coast. Relatively turbid water is present at depths of 8-12 m out 
to J-5, while turbid water is found at J-3 to a depth of 15m. A clear 
water intrusion reaches, from an average depth of 15 m, to a depth of 
30 m between J-1 and J-2 and down to within 10-15 m of the bottam. 
Particulate isopleths and isotherms present an extremely difficult 


picture to analyze. A particulate high at Station J-9 is not supported 
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by corresponding low transmissivity, nor do the isotherms indicate 
upwelling. The suggestion that an eddy system exists in this area 
has been made above and will be discussed later at p 41 

Westward from Pigeon Point an increase of wider bands of 
turbid waters continues as seen in Cross Section 7 (p 103). Turbid 
water is found between L-2 and L-3 with an average depth of 18 m. 
Relatively turbid water exists at L-2 where it slants to a depth of 
35 m at L-5. From this point it moves away from the shoreline 10-30 
m above the bottom. Clear water intrudes between depths of 25 and 
75 mtotL-5. Particulate highs located at L-3, L-6, L-7, L-8, and 
L-9 in the upper 20 meters lie within the turbid band. The 9.5°C 
and higher temperature isotherms indicate the possibility of upwelling 
effects in the region of L-l, L-2, and L-3. 

Turbid waters at Cross Section 8 (p106), located to the 
west of Point Montara, probably extend no farther out than N-12; how- 
ever,no beam transmittance measurements were taken at N-13 and N-14. 
Relatively turbid water appears at least to N-12 and follows the 
contour of the turbid water. Clear water intrusion reaches no closer 
than between N-8 and N-9 at 25m. The pattern of isotherms between N-8 
and N-12 distinctly shows the upwelling discussed in IV.B.1l. onp 34 . 
The 9°C and lower isotherms indicate a flow of cold water up the 
continental slope from depths below 100 m. 

Cross Section 10 (p1il2) across the entrance to San Francisco 
Bay illustrates the effect on transmissivity of particulates coming fran 
the Bay. Low transmittance, with the exception of a 60% band between 
10-35 m, is found across the entire entrance. Particle count is also 
high across the entire section. None of the upwelling effects noticeable 


in Cross Section 8 are seen. 
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Cross Section 9 (p109),which extends southwestward fran 
the northernmost station of Cross Section 10,indicates turbid water 
located in a 20 nmi wide, 5 m deep,band centered about 0-2 and 0-3. 
Relatively turbid water extends out to just beyond 0-2,going fram 
about 10 m, near the shore, to the surface at 0-2. Clear water begins 
to intrude at 0-2, in a band from 15 m to 70 m, to P-l, which is 
located 5 nmi off the coast, at 25m. A protrusion in the 9.5°C and 
above isotherms, between 0-2 and 0-3, indicates upwelling. These 
stations are to the northwest of the center of intense upwelling in 
Cross Section 8. These facts, combined with particulate maxima 
occurring at 0-2, imply that this is probably the northernmost extent 
of the upwelling pattern. As in Cross Section 8, the isotherms for 
temperatures of 9°C and lower also show a steep rise as they approach 
the coast from below 100 m. 

In summary, turbid water to the west and north of Point 
Montara, appears to move farther and deeper from the shore than in 
the waters to the south. The probable causes for this fact are the 
tidal flow fram San Francisco Bay, upwelling, and a concentration of 
sewage outfalls at Point Montara. It is not possible to evaluate the 
relative importance of each of these sources from the data obtained, 
although it appears that the outfalls exhibited the least influence 
during this period. The upwelling area seems to be bounded by Cross 
Sections 7, 9, and 10. Upwelling in this region appears to start to 
the west and south of 0-1 and N-13 at depths below 100 m. The as- 
sumption of a southern source is based on the fact that the colder 
isotherms are found at decreasing depths proceeding from off Monterey 
Bay to the upwelling region. This is presented in a much clearer form 


in the parallel cross sections (See for example p 136 ). 
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Cross Section 1 across Monterey Bay shows that on the 
north side of the Bay turbid water extends from the coast out to D-6[2]. 
There is some uncertainty to this evaluation since transmissivity 
measurements were not taken at D-2 to D-6 [1]. Below these turbid 
layers, clear water intrudes to 15 m, where once again turbid water 
exists. On the south side of the Bay, relatively turbid water was 
present at a depth of 15 m at D-14, a distance of 3 nmi fram the 
coast. Particulate maxima are found within these turbid regions on 
either side of the Bay. The center of the Bay, which is bisected by 
the Monterey Canyon, exhibits a rather complicated pattern of relatively 
clear water ranging from 60 to 80 percent transmissivity. Between D-7 
to D-9 at depths from 35 to 65 m the transmissivity was below 60%, with 
corresponding higher particle counts. The pattern of isotherms suggests 
either the onset or decay of upwelling over the center of the canyon. 

Water movement into Monterey Bay to the east of Cross Section 
1 cannot be determined in any detail, for no stations were occupied in 
that region. One possible current pattern (Fig. 7) is that a counter- 
clockwise flow exists around the perimeter of Monterey Bay, which passes 
Santa Cruz and continues to Ano Nuevo. This flow possibly joins the 
normal flow fram the north and returns into the northern section of 
Monterey Bay, thereby forming an eddy system. The basis for the above 
Supposition is that at D-1 very low beam transmittance occurred from 
the surface to 8 m, while at H-8 the beam transmittance for the same 
depths ranged from 20-38%. The lower readings near Santa Cruz could 
more easily be caused by a counterclockwise current, which is affected 
by the sandy beaches surrounding the Bay, rivers emptying into the Bay, 


and perhaps sewage outfalls (Fig. 2), than by a nearshore current from 
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the north which exhibits higher transmissivity than found in the Bay. 

In addition, the 8 nmi band of relatively turbid water present on the 

north side of Monterey Bay, when compared to the 3 1/2 nmi band to 

the southeast of Santa Cruz, implies that the southerly flow continues 

in that direction toward the center of the Bay instead of following 

the coastline past Santa Cruz. Finally, a current from Monterey Bay 

could more easily cause the complex pattern observed at Point Ano Nuevo. 
b. Parallel Cross Sections 

The characteristics of the near shore waters from the 
northwest of Point Montara to southwest of Santa Cruz are illustrated 
by Cross Section ll (p 122) and Cross Section 5 (p119). Cross Section 
ll is discussed station-by-station fram S-2 south to L-9, which is 
located southwest of Pigeon Point; following this, Cross Section 5 is 
examined from L-9 southeast to H-8. 

Along Cross Section ll, from Point Montara to Pigeon Point, 
the water is characterized by low transmittance and high particulate 
count. The patterns for both these parameters are extremely complex. 

The highest transmissivity is 50%, which appears as a 5-10 m band, 
between S-2 and M-2, separating the more turbid surface and bottom 
affected water. The particulate counts at S-2, which is located directly 
in the path of San Francisco Bay tidal flow and is possibly influenced by: 
the larger outfalls, are four to five times higher than the counts at 

the stations to the south. Transmittance isopleths of 10-20% occur in 
the same area. Another particulate high, of a lesser degree, occurs at 
M-l. It is supported by low transmittance readings. A possible 
explanation for this occurrence is the fact it is only 1 1/2 mmi from 

the coast and may be affected by littoral material. A strong temperature 


gradient of 1°C/6 m exists around 10 m and shows no effect on containing 
the particulate structure. 
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Cross Section 5, from Pigeon Point to Santa Cruz, has a 
most striking characteristic in that the isopleths of beam transmit- 
tance and particulates are elongated and closed. It appears that two 
different bodies of water are meeting at Point Ano Nuevo, which is 
located at the distinct rise shown in the bottom contour. Particulate 
count decreases from L-9 to the southeast, until at I-2 the count 
increases again. This fact adds credence to the argument that turbid 
water is coming from Monterey Bay. As in Cross Section ll, the tem- 
perature gradient appears to have no affect on particulate maxima. 

Cross Section 14 (p 131), Cross Section 15 (p.134), and 
Cross Section 16 (p 137), extend from the upwelling waters west of 
Point Montara to the center of Monterey Bay. The beam transmittance 
isopleths in Cross Section 14 again suggest a meeting of water masses 
at Point Ano Nuevo. Point Ano Nuevo is located opposite the peak in 
the bottom contour. A noticeable difference is observed between par- 
ticulate content in upwelling water and that in the waters south of 
Point Ano Nuevo. Particulate counts which are found at the surface 
in the waters to the south are found below 20 m in the upwelling waters, 
while the upper upwelled water contains noticeably higher numbers of 
particles. The isotherms display a rise fram outside Monterey Bay toward 
the upwelling area,suggesting the possibility of waters from the south 
acting as a source for the upwelling. 

Cross Section 15 appears to mark the line within which the 
current fram Monterey Bay has turned near Point Ano Nuevo and joined the 
southerly flow toward the Bay. Here beam transmittance and particulate 
isopleths show no indication of distinct water masses meeting at Point 


Ano Nuevo, since they form continuous isopleths across the entire cross 
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section. Beam transmittance increases from tne upwelling area to 
the center of the Monterey Canyon. The isotherm pattern again shows 
a distinct rise in the upweliing region. 

The beam transmittance isopleths in Cross Section 16 
suggest that the flow off Point Ano Nuevo is now entirely to the south 
with a continuous isopleth structure. The ssotherm structure for the 
upwelling area is well represented since the cross sectlon extends to 
0-2, which is on the northern boundary of the upwelling region. 

Cross Section 12 (p 125; and Cross Section 13 (p128) 
enable one to trace the water mass from the center of the San Francisco 
Bay station line (Cross Section 10) to the stations farthermost off Point 
Ano Nuevo. Cross Section 12 shows turbid water extending from the mouth 
of the Bay to between Pigeon Point and Point Ano Nuevo at a distance of 
9 nmi from the coastline. This band of water extends to a depth of 15m 
until west of Pigeon Point, where it begins to rise toward the surface. 
Another turbid water mass is found 10 to 20 m above the bottam contour. 
The correlation of beam eee and particle count is good. 

Cross Section 13 demonstrates essentially the same features 
as in Cross Section 12, with the excepticn of a low transmittance anamoly 
rear the surface at Station J-10. 

Cross Seczior, 3 ip 116) 15 representative of an area relatively 
unaffected by coastal intluences. The broad patterns otf beam transmit- 
tance and particle count are markedly di.iterent from il.ose”seen in the 
cross sections discussed so far. | 

In summary, parallel cross sections have also indicated the 
possibility of a current flowinc along the coast trom Santa Cruz to Point 


Ar.o Nuevo. This current probably turns near Point Ano Nuevo and joins 
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the main southerly flow down the coast. Isotherms were consistent 
with previous presentations of the argument that an upwelling area 
exists to the west of Point Montara. 

3. Comparisons With Past Data 

No beam transmittance measurements or particulate counts are 
available for the study area during the upwelling period. Therefore, 
the only comparison with previous data that can be made is for tem- 
perature. Comparison of the present data with CALCOFI data [Appendix 
A, Fig. 19] cannot be made, because the latter do not show enough 
detail in coastal waters. 

Temperatures measured in the vicinity of the Kaiser stations 
were all within 1°C of the May average as presented in the Kaiser 
report [Appendix A, Fig. 16-18]. Airborne infrared radiation 
thermometer measurements of surface temperature made by the Tiburon 
Marine Laboratory on 2 May 1969 and 19 June 1969, provided the best 
check on temperature contour interpretations as constructed fram the 
cruise data. While details are more obvious in the DE STRIGFUR cruise 
plots, enough detail is shown in the Triburon data to establish cor- 
relation. Absolute temperature values cannot be accurately compared 
due to the operating characteristics the Barnes IT-2 infrared radiation 
thermometer. It has a manufacturer's specified accuracy of 0.5°C, but 
over several hours of operation may experience a calibration shift as 
much as 4°C under extreme conditions. 

On 2 May [Appendix A, Fig. 24], the 11.1°C isotherm northwest 
of Point Montara indicates a body of water warmer than that west of 
the Point shown by the 10.6° isotherm. A general warming, from the 


11.1°C isotherm southwest of Santa Cruz to the 12.8°C isotherm to the 
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east, is shown. Both of these features are shown in the cruise 
contours. The contours for 19 June [Appendix A, Fig. 25] show the 


general warming of the entire area to be expected during this period. 


C. CORRELATION OF TEMPERATURE AND BEAM TRANSMITTANCE 

The vertical section overlays of beam transmittance and temper- 
ature in general show a good correlation; a noticeable exception is 
for the near shore areas, or within the range of strong coastal effects 
as the mouth of San Francisco Bay, littoral material, or possibly 
sewage effluent. 

Cross Section 8 (p 106) west of Point Montara illustrates the effects 
of upwelling in addition to the coastal effects mentioned above. Beam 
transmittance follows a 1°C/10 m temperature gradient at a depth of 15 
to 25m fairly closely from N-3 to N-9 where upwelling occurs. Near 
the coastline (N-1 to N-5) where the flow from San Francisco Bay and 
the sewage outfalls should exert their greatest influence on the water, 
there is no correlation. In the upwelling area, between N-9 and N-ll, 
low transmissivity lisopleths cross below the thermocline about which 
they had previously been centered. 

Cross Section 4 (p 97 ) southwest of Santa Cruz provides another 
illustration of non-correlation in near shore waters. A temperature 
gradient of 1°C/8 m exists fram the coast out to H-5, beyond which it 
weakens considerably with increasing distance from the shore. Between 
H-7 and the coast transmissivity isopleths cross the thermocline from 
the surface and proceed to follow the bottom contour. Fram beyond this 
point to H-5, the isopleths remain on, or within, the top of the 
thermocline. Beyond H-5, the beam transmittance becomes high and 


spreads with the thermocline. 
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D. CORRELATION OF TEMPERATURE AND PARTICLE COUNTS 
. A fair correlation of temperature and particle counts could be 

made. in other than near shore waters. 

In general temperature gradients of greater than 1°C/10 m appear 
to contain par cue te nen In near shore waters the temperature 
gradients had nm effect on the particulate distribution. Cross 
ore Ee (0 106) west of Point Montara illustrates this case. Here 
a gradient of 1°C/8 m to 1°C/12 m contains a major song ‘of the parti- 
culate Be except in the upwelling area ol very near the coast- 


line, where isopleths of particle count cross isotherms freely. 


E.. CORRELATION OF BEAM TRANSMITTANCE AND PARTICLE COUNTS 

Correlations of beam transmittance and particle counts, based on 
vertical station profiles in Appendix C, generally appear to be 
reasonable.Correlations for individual stations ranged from poor to 
excellent. Figure 8 shows the stations evaluated as to their quality 
-of ,correlation., "Excellent correlation" is defined as no anomalies 
appearing in the inverse relationship existing between these quantities. 
That is, when particulate count increased, beam transmittance decreased 
and. vice versa. "Good correlation" means one reading at a particular 
depth did not appear to correlate. "Fair" means two anomalies were 
present and while "poor" indicates three or more. It should be noted 
that five of the nine stations designated as having poor correlation 
are to be found in the J and L station lines west of Point Ano Nuevo. 
Scatter plots of percentage beam transmittance versus total particle 
count in thousands were made for these catagories [Figs. 9-12]. Beam 
transmittance values vary fram zero to 85 percent. The scatter in Figs. 


9 and 10 fram the approximately linear relationship suggested in Figs. 


48 


8 SammbTy 
SUOTIETSeIIOD yuNE|D 


STOT{Ae-Soue;ATUSULAL Weeg UOTIEIS 


4 | Ol G Q YOOd e 
O Vw agoos Q@ 
Ot S 0 


41N31139X3 V¥ 





we 


eseuow 
td 


49 





—_: 
i 
a 
i -) 


ia s=— 4~2zCcCO0O0 om4a-CcCOO -PpoioO- 


NO 
3 le 





0 20 40 60 80 100 
BEAM TRANSMITTANCE IN %/m 


Figure 9 


50 


3 


Ul 
fa 
«< 


WWJ 
© 


Ig 2- AZCON wMArcon r>40-4 
NO 
S 


NO 
3! 





20 40 60 80 100 
BEAM TRANSMITTANCE IN %/m 


Paguee ap 


5d 


o 
o 


No WW 
mo oOo 


1000 


ld z— 42Cc00 wmar-coogq rPa0- 


Nd 
3 





“BEAM TRANSMITTANCE IN %/m 


Figure ll 


oye 


a2 2- 3AZCON wmAarcoon rpPpa0oH 


X 
X 
¥ 
xX 
x z x 
x x s 
x 
x* 
xk x _ nk x 
x ‘ x ‘ 
x 
Ky x 
x 
x «OK 
xX 
x 
x 
x x 
x 
x 
x xK x 
x x 
x 
A 
20 40 60 80 100 


BEAM TRANSMITTANCE IN %/m 


Figure 12 


3 


11 and 12, cannot be attributed to any particular location within 
the study area. There is an absence of the cambination of low trans- 
missivity and low particle count, indicating the possible absence 

of "yellow substance". 

Cross Section 4 (p 97) southwest of Santa Cruz is an example of 
nearly perfect correlation. The isopleths of beam transmittance 
closely follow the particulate maxima as they extend seaward and 
along the bottom. The high particle count at H-2 occurs with a 
corresponding low transmissivity. 

The potential of the bottom sampler is clearly illustrated in 
Cross Section 10 (p 112) across Monterey Bay. Particulate count is 
the highest of anywhere within the cross section. 

The possibility of "yellow substance" being present in the study 
area is not completely discounted. Cross Sections 7 (p 193) and 
8 (p 106), which are west of Pigeon Point and Point Montara, respec- 
tively, illustrate that while the particulate structure has the sae 
general shape as the transmissivity structure, there are many cases 
of isopleths crossing. Thus for the same particulate counts, high 
and low transmissivity exists. Since these cross sections are near 
areas of sewage outfalls, the presence of "yellow substance" would 
seem more probable than otherwise. 

A comparison was made between the relative size distribution histo- 
gram for a mixture of 6 to 14 uy latex spheres [Fig. 13] and the individual 
relative-size distribution histograms for the sea water samples. From 
Fig. 13 it is seen that the threshold settings corresponding to the mean 
diameter and one standard deviation to the right of the mean diameter 


are 11.02 uy and 10.75 u, respectively. An average diameter of 7.22 u 
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Figure 13 


52 


and standard deviation of 2.37 u was measured for the latex spheres by 
Dow Chemical Company, Midland, Michigan. Assuming that the pulse height 
is essentially proportional to particle volume, use of the known mean 
diameter, the mean measured during calibration of the Coulter Counter, and 
the pulse height of the mean, a calibration curve can be constructed 
to indicate that the particulates corresponding to approximately 95 
percent of the total counts are less than 12 uy in diameter, while 
approximately 60 percent are less than 8.8 u. Dr. Isabella Abbott of 
Hopkins Marine Station, Stanford University, Pacific Grove, California, 
examined 20 representative samples from throughout the area and from 
various depths, and observed that the particulates were all at least 
less than 10 up. Yeske and Waer [21] stated they had found 68 percent 
of their total counts to be less than 10 u, while approximately 96 
percent were less than 13 u. These figures are not correct in that 
they assumed a linear relationship between pulse height and particle 
diameter, instead of a volumetric relationship. Correcting their 
figures, the results should read that 68 percent were less than 7.6 u, 
while 96 percent were less than 8.5 ui. 

Profiles of particulate size distribution histograms for represent- 
ative stations are shown in Appendix D. They illustrate in general that 
particulate sizes decreased with depth and that as the bottom was ap- 


proached, particulate content increased. 


.. F, CORRELATION OF BEAM TRANSMITTANCE AND SOUND VELOCITY 
A scatter plot of beam transmittance versus sound velocity is shown 
in Fig. 14. No correlation was found between the two parameters utilizing 


this method. 
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V. CONCLUSIONS 


The complexity of the optical properties of coastal waters in 
general is known, and the area between San Francisco and Monterey 
Bays is no exception. The optical characteristics of these waters 
are normally affected by the flow fran San Francisco Bay, littoral 
material, possibly sewage outfalls, and upwelling in addition to the 
California Current. 

Water of low transmissivity and high particle count extended 
over a greater volume in the region north and west of Point Montara 
than to the south of this area where the volume demrenset as it 
approached Monterey Bay. This pattern is complicated by an eddy 
system located between Point Ano Nuevo and Santa Cruz. The depth 
of this Bec aittay be as great as 20 meters. The cause of the eddy 
could be a counterclockwise flow around the perimeter of Monterey Bay 
which flows out of the Bay and along the coast to Point Ano Neuvo. 

At Siatpome it turns and joins the southerly flowing California 
Current. This eddy may extend to as far as 5 nautical miles from the 
coast. ! 

The majority of particulate maxima were found to be associated with 
temperature gradients of the order of 0.1°C/m, except in near shore areas 
and in upwelling water. Particulate ais eeieaien in waters near the 
coast were dominated by influences which could have possibly been tidal 
flow, sewage effluent, and littoral material. A fairly good correlation 
between beam transmittance and temperature was observed except in near 


shore areas. 
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Beam transmittance and particulate matter correlated rather well 
for many stations. For nine of the 87 stations, however, there was 
no evident correlation. In general a roughly linear relationship 
between beam transmittance and log particulate count was found. Approxi- 
mately 60 percent of the particles observed were less than 8.8 Ho in 
diameter, while approximately 90 percent were less than 12 u. Par- 
ticulate size was found to decrease generally with depth. Near the 
bottan an increase in the number of particles per unit volume was 
observed. 

The proposal, based on the Kaiser report, of the San Francisco 
Bay-Delta Water Quality Control Board to establish major oceanic 
sewage outfalls, capable of a flow of 662 million gallons per day by 
1990, should be reconsidered only after further, more extensive, 
studies of the present type are conducted. The optical characteristics 
vary considerably from the few measurements made at the Kaiser stations 


during two days in September. 
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VI. SUGGESTION FOR FURTHER RESEARCH 


The continuation of detailed surveys of the coastal waters 
between San Francisco and Monterey Bays, throughout all the Bedeare 
of the California Current System, is strongly recommended. 

Stations within Monterey Bay should be occupied to astern the 
‘actual influence of northern waters within the Bay. , | - 

To ‘better correlate the optical properties of this. region, ae 
solved oxygen, phosphate, and nitrogen measurements, ose with 
biological samples should be taken. 

The use of an electrically triggered, multiple bottle water 
sampler could be used to collect particulate samples. This sone 


allow samples to be obtained when beam transmittance readings of 


—_ special interest occur. It would also ensure that samples are from 


“nearly the same depth and at the same time as the beam transmittance 
measurements. | 
The study of the near bottom particulate profile in the Monterey 
Bay region still remains to be made, but the bottom water assembly 
mentioned appears promising. The assembly should be lengthened to 
gain a longer and better profile. 
Current meters, drift bottles, or even drift cards could be used 
to advantage during additional surveys. Current measurements at various 
depths are definitely needed between Point Ano Nuevo and Santa Cruz. 
Airborne radiation thermometer flights from the Naval Air Facility, 
Monterey, California, should be utilized during future cruises to survey 


not only the waters being covered by the ship but adjacent areas as well. 
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The beam transmittance meter should be adapted with a filter 
assembly which would permit in situ filter changes. This would 
facilitate determination of the possible presence of "yellow substance" 


in the coastal waters studied. 
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APPENDIX A 


DATA FOR SURVEY AREA OBTAINED FROM OTHER SOURCES 
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APPENDIX B 


HORIZONTAL CONTOUR CHARTS OF BEAM TRANSMITTANCE, TEMPERATURE 


AND COULTER COUNT AT 0, 10, 20, 40, AND 61M 


NOTE: In this APPENDIX the contour intervals are not strictly constant. 
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APPENDIX C 


VERTICAL CROSS SECTION CONTOUR CHARTS OF BEAM TRANSMITTANCE- 
COULTER COUNT, BEAM TRANSMITTANCE-TEMPERATURE, 


AND TEMPERATURE-COULTER COUNT 


APPENDIX Cl 


PERPENDICULAR CROSS SECTIONS 


NOTE: In this APPENDIX the contour intervals are not strictly constant. 
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APPENDIX C2 


PARALLEL CROSS SECTIONS 


NOTE: In this APPENDIX the contour intervals are not strictly constant. 
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APPENDIX E2 


MECHANICAL BATHYTHERMOGRAPH FEATURES 
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MECHANICAL BATHYTEERMOGRAPH DATA 


\ 


STATION DEPTH T EMPERATURE. 

(FT) AGE) 

J-6 0 ’ 51.0 
30 51.0 

50 50.6 

70 SO. 

120 48.0 

230 46.8 

H-6 0 53.0 
40 52.0 

80 51.0 

100 49.0 

220 47.5 

D-14 0 52.1 
20 Pyal 

40 50.9 

120 48.7 

180 48.4 

320 46.9 

Ree 0 520 
20 Deep 

30 49.5 

90 L720 

N-7 0 Doo 
80 48.0 

140 47.0 

160 46.5 

220 45.3 

N-2 0 5205 
50 48.0 

70 48.0 

140 47.0 

L-6 0 51.0 
80 51.0 

110 49.2 

140 47.5 

260 Lao 


Ey 


I56 





APPENDIX Fl 
CRUISE NARRATIVE 


The first cast was made at D-l with the S/T/D and c-meter in 
tandem. The SV/I/D was inoperative at this time and remained so 
until D-6(1). On this cast problems developed with the c-meter 
cable and air balance could not be achieved ,and repairs were begun. 
At D-6(1) the bottom water sampler "hung up"on the Monterey Canyon 
wall,and the hydrographic wire parted. Subsequent stations now 
consisted of only two casts. At D-6(2); the first cast consisted 
of the SV/T/D and c-meter,. until D-8 ,wwhen the SV/T/D, S/T/D and 
c-meter were utilized on one same cast. This operation proved very 
cumbersome and provided a potential source of equipment damage while 
initiating and retrieving the cast, and was abandoned. Subsequent 
first casts utilized the SV/T/D and the c-meter in tandem. At K-l, 
upon initiation of the water sample cast, problems developed with 
the 3/16" wire. Since time was a major factor, water samples were 
not taken at K-l1, K-2, and LE, and repairs made while proceeding 
to L-l. Fran L-l until N-7, the SV/T/ and the S/T were alternated 
as the instrument on the first cast with the c-meter due to battery 
charging requirements. A strip chart recorder for beam transmittance 
readings was installed at L-4 and was used for the remainder of the 
cruise. Upon retrieving the S/T/D at N-7, it was found to be flooded. 
The instrument was disassembled, cleaned, and dried according to the 
instruction manual. N-13 provided the last instrument casualty when 


the cable of the c-meter parted at the connectors, necessitating a 


do 


cable splice. It was returned to service at 0-l,and no problems 


occurred for the remainder of the cruise. 
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APPENDIX F2 


EQUIPMENT UTILIZED 


STATION C=-METER SV/T/D BOTTOM SAMP CHLOR PART SAL XBT MBI 3s/T/D 


Del X 0 X 0 X x 0 
De2 0 X 0 
D-3 0 0 
D=4 0 X 0 
D5 0 0 
D-6(1) X LOST 0 
D-6(2) + X X 0 yk 

D-7 X X 0 x 0 

D-8 x X O X 0 
D-9 x 0 x 0 
D-10 X 0 X x x 0 
D—1) X 0 X 0 
D-13 x X X 0 
D-14 X 0 X X O 
F~] x x X 0 
F-2 x O Xx X 0 
F-3 x x 0 X 0 

G-1 xX X 0 X 

G=2 X x X 0 

H=] X Xx 0 X 


X - DATA UTILIZED IN aNALYSIS 


O- DATA NOT UTILIZED IN ANALYSIS 


161 


STATION C-METER SV/T/D BOTTOM SAMP CHLOR FART SAL XBI MBIT S/T/D 


H=2 X X 0 X 0 

H=3 X X 0 X 0 

H=4 X X 0 X 

H=5 x X 0 X 

H=-6 X X 0 X 0 

H=7 X X 0 X 

H-8 X X 0 X 

I-1 X X 0 X 

I=2 X K 0 X 

J-1 X X 0 X 

J-2 X X 0 xX 0 

J=3 X X 0 X 

J-4 x X 0 X 

J=-5 X X 0 X 

J-6 X X 0 X 0 

J=-7 X X 0 X 

J-8 X X 0 X 

J-9 X X 0 X 

J-10 X X 0 X 0 

K=1 0 0 
K-1=-B X X 0 0 
K=2 x 0 

LE X 

L=1 x 0 X X 0 
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STATION C-METER SV/T/D BOTTOM SAMP CHLOR PAXT SAL XBI MBI S/T/D 


L~-2 X O X O 
L~3 x 0 X O 
L-4 X 0 X Q 
L~5 X X 0 x 

L-6 X X O x 0 O 
L~-7 X X O X 0 
L~8 X X 0 x QO 
L-9 X X 0 x O 
M-1 X x QO X 0 
M~2 x X 0 X 0 0 
M=3 X X O X O 
N-1 X X 0 X 

N-2 x X 0 X Q 0 
N-3 X X 0 X 0 
N-4 xX X 0 X 0 
N~5 X x QO X O 
N—6 X X 0 X 0 
N-7 X X 0 X X Q 

N-8 X X 0 X 

N-9 X x 0 X 

N-10 X X Q X 

N=11 x Xx 0 X 

N-12 x X QO x 

N-13 X 0 X 


Gs 


STATION C-METER SV/T/D BOTTOM SAM CHLOR FART SAL XBI MBI S/T/D 


N14 x 0 X 0 

Om1 x X 0 x 

O-2 X X O X QO 
0-3 X X O X 

p=] X x 0 X 

Fe2 x X 0 X 

XL A X 0 X 

R=2 xX X 0 x 

R=3 X X 0 X 

R=-4 X x O X 0 
o~1 X X 0 Xx 

S=2 X X 0 X 
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APPENDIX G 


STATION PROFILES OF TEMPERATURE, SOUND VELOCITY, 
TOTAL COULTER COUNT, BEAM TRANSMITTANCE, 


SALINITY, AND DENSITY 
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TABLE 2 


RAMSEY FROBE DEPTH, TIME, SOUND VELOCITY, AND TEMPERATURE 


( PDT 


0028 
0028 
0028 
0028 
0029 


0030 
0030 
0030 
0030 
0031 
0031 
0032 
0032 


0032 
0333 
e233 
0333 
0333 
0333 
0334 
0334 
0334 
0334 
0334 
0334 
0335 
0336 
0336 
0336 
0336 
0337 
0337 
0337 
O97 
0337 
0338 
0338 
0338 
0338 


DOWN 


DEPTH TIME s/V (on) DEPTH TIME s/V¥ ‘TEMP 
) ) (M/SEC) C) (M) (PDT) OW/spe) (°C) 


SHO 


1495.2 
1495.2 
1495.2 
1495.4 
49D « 7 
1494.9 
1492.9 
1491.9 
1491.9 
1489.9 
1489.2 
1489.9 
1489.9 


1495.4 
1495.4 
1495.4 
1495.4 
1495. 

1495.2 
1495.9 
1495.8 
1495.9 
1494. 

1494.8 
1492.8 
1492.9 
1492.8 
1492.8 
1491.8 
1490.4 
1490.4 
1490.2 
1489.6 
1489.4 
1489.4 
1489.4 
1489, 

1489.2 
1489.8 


SrATION D-6 (}) 


11.41 
11.42 
11.40 
ae 
11.45 
11.42 
11.26 
Oe el 
10.26 
10,22 
9.68 
Doe 
9.47 
9.43 


Oo Ww — © 


RA 
28 
32 


STATION D-6 (2) 


11.47 
11.47 
11.45 
11.42 
11.41 
1 
Toot 
11.31 
tee 
11.26 
11.08 
10.84 


BAUPRRSES 


250 


Om WNnNHO 


16 
iW 
22 
23 
26 
31 
34 
oy 
45 


49 


OO44 
0044 


0037 


0037 
0037 


0036 


0036 
0036 
0036 


0359 
0356 
0355 


0353 
0353 
0353 
0353 
0353 
0352 
0351 
0350 
0349 
0349 
0348 


0348 
0348 


0347 


UP 


1495. 
1495.2 


1495.2 


1495. 
1495.2 


1492. 


1491.6 


1489.4 
1489.9 


1495 @ 
1495.2 
1495.2 


1495.2 
1495.9 
1494. 

1493.8 
1493. 

1492.2 
1492.9 
1492.8 
1489.8 
1489.2 
1489.2 


1489.2 
1489.9 


1489.8 


°C 


11.43 
11.42 


11.39 


117 
11.31 


10.54 
10.17 


9.61 
9.48 


TABLE 2 (Continued) 


9 DOWN UP 
J2!ITH TIME 3/V T EMP DEPTH TIME S/V T EMP 
_() (por) ~—s(M/sec) __ (°C) (M) (Pot) __(M/sBC) _ (°C) 
50 360339 1489.9 9.38 50 0347 1489.2 9.42 
51 0339 1489.9 9.38 
52 0339 1489.9 9.37 52 0347 1489.2 9.41 
53 =0339 1489.9 9.36 53 0347 1489.9 9.39 
55 0339 1489.8 9.34 55 0346 1489.9 9.38 
57 0339 1489.8 9.33 
60 0340 1488.8 9.27 
61 0340 1488.8 9.26 
64 0340 1488, 9.24 64 0345 1488.8 9.27 
70 0341 1488, 9.20 70 0344 1488.8 9.20 
71 0341 1488.9 9.11 Wl O34. 1488, 9.18 
‘>, =O 242 1488.2 9.04 tae 0343 1488.2 9.02 
“7 0342 1488.2 9.02 
STATION D-7 
@ . 0514 1493.9 11.05 
1 0514 1493.9 11.05 1 0530 1492.2 11.60 
3 O514 1494.8 11.05 
J O51, 1494.8 11.05 
5 0515 1494.8 11.06 
9 0515 1494.9 11.04 9 0529 1494.9 11.07 
13 +0516 1494.9 11.03 
14 0516 1494.9 11.03 14 0529 1494.9 11.02 
18 0516 1493.9 11.01 
22 0516 1493. 10.86 
23 0516 1493.8 10.69 23 0527 1491.9 10.28 
24 0517 1493.8 10.68 
25 0517 1492.8 10.63 
28 0517 1491.9 10.14 28 0526 1491.4 10.16 
31 0517 1490.9 10.08 31 0526 1490. 9.82 
33 0517 1490.6 9,89 
35 §=60518 1490.9 9.83 
40 0518 1489.8 9.70 40 0526 1489.9 9.59 
44 0518 1489.9 ora7 44 0525 1489.9 9.51 
45 0519 1489.9 9.55 
48 0519 1489. oe 48 0524 1489.8 9.41 
52 0519 1488, 9.40 52 0524 1488.8 9.25 
53 0519 1488.6 9525 
55 0520 1488.6 9.24 55 0524 1488.6 9.22 
63 0520 1488.9 9.16 63 0523 1488.9 9.16 
65 0521 1488 .9 9.16 65 0523 1488.6 9.17 
69 0521 1488.9 9.13 69 0522 1488 .9 9.15 
70 0521 1488.9 9.13 
73° 0522 1488.4 9.10 73° 0522 1488.9 9.11 
74 0522 1488.9 9.11 


250 


DEITH 


_() 


~] Ww ke O 


Hay 


14 
17 
al 
23 
25 


32 
34 
36 


43 
46 
49 
a3 


63 


69 
72 
74 


TIME 
Pot 


0647 
0647 
0648 
0648 
0648 
0648 
0649 
0649 
0649 
0649 
0650 
0650 
0650 
0650 
0650 
0651 
0651 
0651 
0651 
0652 
0652 
0652 
0653 
0653 
0653 
0653 
0654 


DOWN 


S/V 
M/ SES 


1494.2 
1494.9 
1494.9 
1494.9 
1494.8 
1493.9 
1492.9 
1491.2 
1490.6 
1490.6 
1490. 

1490.8 
1489.9 
1489.6 
1489.9 
1489.8 
1488.6 
1488.9 
1488.4 
1488.4 
1488.4 
1488.2 
1488.9 
1488.9 
1488.8 
1487.9 


TABLE 2 (Continued) 


T EMP DEPTH TIME 
$C) M PDT 
STATION D=8 

ligas 

11.12 1 0703 
11.10 3 8 0702 
11.08 7 0702 
11.08 

10.96 to. & 0708 
10.93 

i Oreee 17 § 0702 
10.46 21 3070) 
10.0% 23 0701 
10.00 2) #0701 

9.90 29 0700 

9.73 

9.71 

9.64 

9.42 42 0658 

9.40 

9.38 

9,23 49 0658 

9.18 53 0657 

9.15 56 0657 

9.13 60 0656 

9.10 63 0655 

9.08 65 0655 

9.05 

8.98 72 0654 

8.97 


252 


1494.8 
1494.8 
1494.9 


1493.9 


1492.6 
1491. 
1491.9 
1490. 
1490.2 


1489.6 


1488.9 
1488.9 
1488.4 
1488. 
1488. 
1488.2 


1487.9 


11.07 
11.07 
11.06 


10.92 


10.59 
10.21 
10.06 
9.9¢ 
9.80 


9am 


9-25 
9.0 
9 de 
9.12 
9d 
9.09 


8.97 


TABLE 2 (Continued) 


DOWN UP 
DEITH TIME S/V TEMP DEPTH TIME S/V T EMP 
(M) (PDT) _(M/SEC) (°C) (M) (PDT) (M/SEC) _(°¢) 


STATION F.3 

0 2237 1494.9 11.27 

2 2240 1494.8 11,31 

> 2241 1494. 11.18 
10 = 2254 1493.8 10.99 

16 2242 1493.9 10.88 
20 2253 1493.2 10.78 

22 =. 22,3 1493.4 10.78 
30 2252 1492, 10.59 

32 2244 1492.8 10.60 

39 2245 1492.4 10.46 
41 2252 1492. 10552 

46 2245 1491.4. 10.11 
50 2250 1491.6 10.12 

56 2246 1490.9 9.90 
60 2249 1490. 9.81 

66 2247 1489. 9.40 

70 2248 1489.9 9.29 

STATION Gal] 

O 0228 1495.9 11.48 

6 0230 1494. 23 
12 0248 1493. 10.89 

18 0231 1493. 10.85 

19 3 0231 1493.2 10.85 
25) 80246 1493.8 10.74 

30" «0232 1493.8 10.70 
37 =0244 1493.8 10,66 

42 0233 1492.9 10.49 
48 O242 1492.9 10.46 
Be 0234 1492.6 10.47 , 
60 0240 1491.6 10,15 

66 0235 1491.9 9.94 
71 0239 1489.9 9.49 

1 taee2 37 1489.9 9.20 

78 0237 1489.9 9.30 

STATION Ga2 

3 0506 1495.2 11.49 
12 0519 1494.2 11.12 

16 0507 1494.2 11.12 
24 0518 1493. 10.76 

28 0508 1492.9 10.58 
36 ©0517 1492.4 10.46 


DEP 


_(M) 
40 
53 
65 


77 
80 


ily 


<7 
32 


50 
51 


62 
74 


76 
Cit 


re 
ey 
23 


34 


52 


TIME 
PDT 


0510 
0510 
ephat 


0512 
O514 


0649 
0649 


0650 


0651 
0651 


0651 


0651 
0652 


0652 
0653 


0653 
0654 


0822 
0823 
0826 
0827 
0828 
0829 
0829 
0830 


0830 


DOWN 
3/V 
ORG 
1492. 
1490.2 
1489.6 


1489. 
1489.8 


1494.2 
1494. 


1493.6 


1493.2 
1492.8 


1491. 


1490. 
1490.4 


1489.6 
1489. 4 


1489, 
1489.2 


1492.2 
1491.9 
1491.2 
1491.9 
1491. 

1491.4 
1490.9 
1490.2 


1489.6 


TABLE 2 (Continued) 


10.43 
9.79 
Jone 


9.39 
9.27 


DEPTH 
M 


70 


STATION H-1 


12.26 
11.24 


11,01 


10.82 
alee yal 


IGieee 


Jerk 
o250 


9.60 
9.46 


Jao 
9.38 


STATION H-2 


10.01 
10.49 
Ones 
10.19 
10.19 
10.18 

9.94 

9.81 


9.57 


iD 


25 


a5 
45 


56 
68 


10 
12 
15 
17 
iF 


29 


49 


254 


TIME 
PDT 
0516 
0515 
0515 


0659 


0658 
0657 


0656 
0656 


0655 
0654 


0847 
0845 
0843 
0842 
0841 
0841 
0840 


0838 
0837 


0835 


UP 


S/V 
SEC 
1491.6 
1489.8 
1489.4 


1494. 


1493. 


1492.0 
1490.9 


1490. 
1489.9 


1493.2 
1491.9 
1491.4 
1491.8 
1491.8 
1491. 

1491. 


1491. 
1491. 


1489.9 


T EMP 
( 

10.20 
9.60 
9.43 


11.39 


11.01 


10.84 


10.57 


9.91 


Jem 
9.49 


10.84 
10,36 
10.32 
10.39 
10.38 
10.31 
10.22 


10.19 
10.17 


9.54 


TABLE 2 (Continued) 


DOWN UP 
DEITH TIME S/V TEMP DEMTH TIME S/V TEMP 
_(¥) PDT M/SEC) _ (9%) M PDT M/sac) __(%) 
59 0834 1488. 9.27 
63 0831 1488.6 9.23 
69 0833 1488.9 9.19 
75 0832 1488. 9.17 
81 0832 1488.2 9.03 
STATION H-3 
1 1038 1495. 11.46 
2 1038 1495. 11.48 
4 1039 1495.8 11.38 
5 1039 1495.9 11.38 
6 1040 1494.9 11.34 
11 1042 #£1493.8 11.00 
16 1042 #££1492.9 10.70 
22 Wess 1492.2 10946 
28 ee,” 490. 10.00 
29 1044 1490. 9.98 
34. 1045 1490.9 9.80 
44 1046 1488, 9B 
55 i047 1488.9 9.11 
66 1047 1487.2 ~&# 8.83 
7 1048 =<1486.8 8.64 
STATION H-4 
O 1145 1495.9 11.59 
3 idik6e 1494.2 12,22 
6 (447 1494.9 11.36 
8 1206 1495.6 11.53 
10 1148 1493.8 10.76 
14 1205 1493.4 10.81 
eh? 1492. 10.49 
18 1149 1492.2 10.49 
23 Who” 1492926 Doce 
25 124 1492.9 1009 
30 1152 £1490.8 10.06 
54 wel53 1489.4 9.60 
35 1202 1489.9 9.71 
41 1202 1488.9 9.44 
45 1154 1488.8 9.17 
51 1155 1486.9 8.83 
56 1156 1486.8 8.72 
57 1200 1486.8 8.74 
62 1156 1486.9 8.61 
67 1157 1486.9 8.52 
74 1159 1485.8 8.37 


Zoo 


DE}TH 


_() 


80 


13 
Ay 
25 
31 
38 


50 
57 


68 


TIME 
Fon 


1158 


1423 
1425 
1426 


1426 
1427 


‘ 1428 


1430 
1432 
1433 
1434 
1437 
1438 
1440 


1443 


1603 
1606 


1608 
1608 
1610 


1611 
1611 
1612 
1612 
1613 
1614 


DOWN 
S/V 
S08 


1485.9 


1486.8 
1484.9 
1484.9 


1483.8 
1483.9 
1483.4 
1482.9 
1479.8 
1478.9 
1477. 

1476.2 
1475.6 
1475. 

1476.8 
1476.2 
1476.2 


1486. 
1485.8 


1483.4 


1482.4 
1479.8 
1478.8 


1476.8 
1476.6 
1476 ® 

1476.8 
1476.8 
1476.8 


TABLE 2 (Continued) 


(°C) 


8.36 


STATION H-5 


Li 
11,67 
11.43 


it ee 
11725 
J1.11 
10.96 
10.06 
9.73 
9.36 
8.88 
S567 
8.69 
Seno 
Sev 5 
S13 


STATION H-6 


12eu4, 
11.86 


lia 
10.83 


9.80 
9.48 


256 


UP 
DEPTH TIME S/V T 
M (PDT) __(M/SHC) (dc) 
79 1158 1485.9 8, 37 
8 1452 1484.9 12637 
12 1449 1483. 11.09 
13 we9 148660 lime 
18 1448 1479.8 10.04 
25 1448 1479.8 9.79 
36 1447 1476.8 9.09 
47 1446 1475.9 8.68 
53 1445 1475.6 8.70 
65 14hhe 14796y25 Sone 
0 1625 1487.2 12.30 
10 16246 1282.8 lio 
16 1621 1482. 10.50 
36 1619 W477%e2 M01 


TABLE 2 (Continued) 


DOWN UP 
DEITH TIME S/V Tae DEPTH TIME S/V TEMP 
SEC OG 


2) eenoyses) ery ee) Se) 
STATION H-7 
5 i750 1485.8 11,63 
8 1751 1484.8 i 54 
9 1805 1484.9 11.47 
mm dl 1483.8 11.23 
15 1804 1483.6 11.12 
20° 1753 482.9 0.73 20 1803 1481.2 10.40 
23 1753 1481. 10.46 
eo lo5 1480.9 10.13 
29 1755 1478.9 9.72 
32 1756 1478.2 9.56 32 1801 1478.4 9.58 
38 1757 1478.9 AT 
44 1758 1477.9 Deed 
49 1759 1471 so Oak 
STATION H-8 
5 1854 1486, 12,02 
7 1854 1486.9 11.91 
11 1903 1484.9 11.37 
3 1856 1483.9 i 24 13 1903 1484.8 11.26 
19 1857 1481.6 10,55 
24 1858 1479.6 9.95 24 1902 1479.9 95ok 
28 1859 1479.9 9.82 
29 1902 1479.9 . 9.76 
30 1900 1479.9 9.79 
36 =: 1901 1479.8 9.73 
STATION I-1 
1 2022 1487.2 12.28 
2 2023 1487.9 12.39 
5 224 1487.8 12,23 
7 2025 1483.2 11.12 
10 2034 1482. 10.90 
13 392025 1481.9 10.69 
15 2033 1481.9 10.64 
18 8 2027 1480.9 10.38 
23 2028 1479.9 9.80 
29 = 2028 1479.8 9575 
35 2030 1479.8 Gee 


257 


DEITH 


TIME 


TABLE 2 (Continued) 


TIME 


UP 


3o/V 


TEMP 


(M) (por) (M/sec) (°C) (M) (PbT) _(M/sBC) __ (%) 


10 
12 
15 
18 
21 
25 
28 
30 


13 
tg 
25 
28 


23 


33 


Nm HO 


18 


2115 
2117 
2118 
2119 
2120 
2121 
2122 
2123 
2124 
2124 
2125 


2218 
2222 
2224 
2225 
2226 
2226 


2331 
2333 
2333 


2334 


2335 
2336 


0050 
0052 
0053 


0054 


2o6 


DOWN 
S/V TEMP DEPTH 
STATION I-2 
1484.4 11.48 
1483.6 11,30 
1482.8 10.78 
1481.2 10.52 
1481.2 10.48 
1481.8 10.39 
1480.6 10.28 
1480.8 10.28 
1480.9 10.34 
1480.2 10.08 
1479. 9.97 
STATION J=1 
1484.9 11.31 
1481.9 10.30 
1479.8 9.85 
1478.4 7205 
1478.8 9.51 
1478.8 9.49 
STATION J~2 
0 
1482.6 10.94 
1482.6 10.94 
1482.6 10.91 
17 
20 
ol.2 10847 
25 
29 
1478.8 9.48 
39 
1477.4 9.23 
STATION J-3 
1484. 11.54 
1483.8 11.29 
1482.9 10.95 
13 
1482.9 10.75 
20 


2343 


2342 
2340 


2339 
2338 


2338 


0108 


0107 


1482.6 


1480.8 
1480.9 


1478.9 
1478.9 


1477. 


1482.2 


1480.9 


10.94 


10.36 
10.24 


9.68 
9.65 


Be 


10.76 


10756 


DOWN 
DEITH TIME S/V T EMP DEPTH 
ey (por) —s(/sac) & CC) M 
22 054 1480.9 10.40 
28 0055 1480.8 10.10 
33 0056 1479.8 9.80 
38 ©0058 1477.9 9.43 
45 0059 a7 oe 9.21 
49 0059 177 3 9.10 
55 0100 1476. 9.01 
61 0101 1476.8 9.00 
67 0103 1476.8 9.00 
STATION J-4 

O 0206 1484.8 11.61 
5 0207 1483.8 321.27 
11 0208 1481.8 10.67 
M7 §6Oell 1479.6 10.02 
28 0213 1477. 9.47 
38s (0214 1477.9 9.22 
50 0216 1476.9 8.86 

55 
60 0217 1476.4 8.89 
65 0218 1476.4 8.86 
72). 0220 1476.9 8.86 

STATION J-5 

O 0316 1482.6 10.99 
2 0317 1481.6 10.58 
5 0319 1481. 10.68 
11 0320 1481.9 10.50 
16 0321 1479.2 9.90 
21 0322 1478.6 9.73 
27 0323 1477.2 9.33 
33, 0324 1476.9 9.19 
38 §=—0325 1476.9 9.14 
44 0326 1476.6 9.06 
49 0327 1476, 8.95 
54 0329 1476.9 8.84 
60 0329 1475.9 8.76 
67 0330 1476.9 8.77 
72 0331 1476.8 8.74 


TAELE 2 (Continued) 


259 


UP 
TIME o/V 
Pet M/SEC 
0222 1476.2 


TEMP 
(50) 


8.85 


TABLE 2 (Continued) 


DOWN 
DEITH TIME S/V T EMP DEPTH 
(M) (pot) _ (M/SEC) (°C) M 
STATION J~6 
7 O449 1483.8 11.28 
g 
11 0450 1483.4 11.73 
14 
18 0453 1482.4 10.87 18 
23 0454 1481.4 10.53 
28 0455 1480.9 10.16 
30 
33 »=0456 1479.2 9.84 
40 0457 1477.9 9.46 
44 0457 1477. 9.34 
50 360458 L977 9.21 
55 0459 1477.8 9.10 So 
60 0500 1476.9 8.94 
65 0500 1476.2 8.83 
71 0501 1475.9 S273 
78 0502 1476.8 8.69 
STATION J=7 
6 0641 1482.4 10.94 
7 
12 0641 1482.2 10.83 12 
15 
18 0642 1479.9 10.04 
22 
23 0642 1478.2 9.65 
30 0643 Way e2 9.27 
33 
36 §=60644 1476.6 9.12 
42 O644 1476.4 9.00 
48 0645 1476.9 8.97 
53 0645 1476.2 8.87 
60 0645 1476.2 8.84 
65 0646 1476.2 8.84 
70 0646 1476.9 8.88 
717 0647 1476.9 8.87 
STATION J-8 
O 0808 1484.4. 11.45 
3 0809 1484.8 11.37 
5 0810 1483.8 11.31 
12 0811 1482. 10.86 


260 


TIME 
PDT 


O510 


0509 
0508 


0506 


0502 


0652 
0651 
0650 


0649 


0648 


UP 


S/V 
SEC 


1483.6 


1483. 
1482.4 


1479.2 


1477.8 


1481.2 
1480.2 
1479.2 


1477.9 


1476.4 


TEMP 
(°R 


11.23 


11,10 
10.79 


9.85 


9.07 


10.56 
10.23 
9.90 


9.36 


9.04 


TABLE 2 (Continued) 


DOWN UP 
DEITH TIME S/V TEMP DEPTH TIME 3/V TEMP 


M 


17 
22 
28 
34 
50 
61 
ue 


10 
16 


24 
27 
De 
D9 
66 
71 


PDT 


0813 
0813 
O814 
O814 
0816 
0818 
0819 


0916 
0919 
0919 
0921 
0921 
0922 
0922 
0923 
0924 
0925 
0925 
0926 


1045 
1046 
1047 
1048 
1048 


1048 
1049 


1049 
1050 
1050 
1051 


1051 
1052 
1053 
1053 


SEG 


1481.8 
1481.2 
1478.4 
1478.8 
1476.8 
1475.6 
1475.6 


1485.9 
1484.9 
1481.7 
1481.6 
1480.8 
1480.2 
1478.6 
1478.8 
1477.9 
1476.8 
1476.9 
1475.9 


1483. 

1483.6 
1482.2 
1480.8 
1480.8 


1480.6 
1480.9 


1480. 

1480.2 
1479.2 
ioe 


1477. 

1477.4 
1477.2 
1476.8 


(°C) 


10.64 
10.46 
Jsen 
9.49 
8.84 
8.64 
8.60 


STATION J-9 


Hoe 
11.42 
10.68 
10.57 
10-34 
10.14 
9.70 
9.47 
JeL> 
9.01 
8.76 
8.67 


STATION J-10 


11.16 
11,23 
ILO PRS 
10.42 
iO. 3a 


10.29 
10.23 


10.25 
10.08 
9.61 
9.66 


9.26 
9.16 
9.09 
8.91 
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M 


15 


a7 


50 
55 


Pon 


1058 


1057 


1056 


1055 
1055 


enone «(SC 


1480.8 10.43 


1480.8 10.37 


1480. 10.24 


477.8 
1477.9 


TABLE 2 (Continued) 


DOWN UP 


DEITH TIME S/V.——«éST‘MP DEPTH TIME S/V TEMP 


_(#) (por) _(M/smc) _ (°C) (M) (por) _(M/so) __(%) 
| STATION L-5 
0 1507 1486.5 b 
4 1508 1486.5 S 
14 1508 1486.2 i 
22 1509 1485.9 He 
27. 1511 1482.5 M4 
25 lasi2 yi7eo)) a 
40 1512 1479.5 
48 1513 1479.2 
58 1514 1479.3 
64 1515 1479.2 
7 1517 1479.3 
78 1519 1479.4 
85 1521 1479.4 
STATION L-6 
4 1704 1486.5 a z 
6 1706 1486.7 = rd 
11 1707 1486.6 < 11 1729 «41486.6 2 
13 1708 1486.6 p 3 
3 15 1729 1486.5 ¥§ 
19 1708 1481.3 < 
20-1729 1486.5 
22 1713 1486.3 22 1729 1486.5 
25 1713 1485.0 
: 29° 1728 1482.9 
35 1728 1481.0 
, 40 1728 1479.9 
uel? |Suemeil.79.9 
48 1720 1479.7 48 1727 1479.9 
55 1722 1479.5 
60 1723 1479.5 
70 8723 9.7 
STATION L-7 
0 1841 1485.7 ie 0 1657 1485.7 
2° 1841 1485.7 = z 
5 1844 1485.7 a rs 
10 1844 1485.7 fp 3 
12. 1845 1485.7 a < 
16° 1847 1485.4 = a 


19 1847 1482.2 2 
2, 1848 1482.3 

26 1849 1482.3 

33 1850 1481.6 
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TABLE 2 (Continued) 


DOWN UP 
DEITH TIME S/V TEMP DEPTH TIME S/V T EMP 
(4) (por) (m/sec) _ (°C) (M)_ (PDT) _(M/sc) _(%C) 

te 

40 1850 1480.0 S 

46 1851 1479.8 E 

52 1851 1479.8 = 

58 diese 1479.7 4 

64 1853 1479.8 is 
STATION L~8 

O He7 1482.8 Me 

4 1937 1485.0 9 

6 1938 1485.0 B 

SB dese 1485.0 = 

10 1938 1485.1 4 

12 1939 1485.0 i 

13 1939 =1485.1 

18 1939 1485.1 

24 1940 1483.4 

32 1941 1482.1 

33 1942 1482.0 

39 =1942 1481.3 

45 1943 1480.3 

52 1944 1479.9 

56 1945 1479.9 

61 1945 soa 
STATION L-9 

QO 2007 1484.1 a 

1 2038 1484.1 S 

5 2040 1484.1 BS 

8 204. 1483.9 §& 

5 207) tess G 

i) 2022 Wee a 

ey 620 1483.9 

18 2044 1484.0 

21 2045 1484.0 

24 2046 1484.1 

25e 2007, | 484.2 

29 2047 1484.2 

34 . 2048 1481.4 

35 2048 1481.3 
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TABLE 2 (Continued) 


DOWN UP 
DEITH TIME S/V _ TEMP DEPTH TIME S/V T EMP 
(q) (pot) _ (M/SEC) _ (°C) (M) (PDT) _(M/sEc) _ (°C) 

STATION Mel] 
QO 2200 1486.4 11.16 
4 2201 1486.4 11.15 
5 2201 6.5 llay 
8 2202 1486.3 11.07 
9 2202 1486.3 11.09 
12 2203 1483.0 10.03 
13-2203 1483.2 10.19 
17 2204 1482.3 9.94 
20 2204 1482.3 9.88 
Zl 2204 1482.2 9.87 
25 2205 1482.2 9.84 
28 2205 1482.2 9.82 

STATION M-2 
1 2313 1488.3 11.70 
5 2314 1488.3 11.71 
9 2315 1487.6 11.50 
13. 2316 1485.2 10.77 
14 2316 1485.3 10.83 
17 =. 2317 1482.3 9.97 
21 2318 1481.9 9.97 
25 2319 1481.6 9.65 
28 2320 12803 9.57 
31 2320 1481.3 9.56 
36 2=- 22321 1481.3 9.55 
40 2321 1si3 9.52 

STATION M3 
0 0033 1487.6 11.51 
4 0034 1487.5 11.48 
§ 0034 1487.5 11.49 
9 0035 Teves. «Vi 
13 0036 1483.4 10.28 
17 0037 1482.5 9.98 
21 0038 1481.9 9.80 
25 0039 1481.0 9553 
28 0040 1480.7 9.37 
29 0040 1480.7 9.41 
32 0040 1480.4 9.29 
37 = 0042 1480.4 9.29 
39 »=—0042 1480.5 9.28 
41 0043 1480.5 9.28 
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DEFT H 


Gf) 


10 
15 
18 
a3 
28 
99 
25 


15 
28 
43 


v5) 


13 


28 
42 
57 
Ta 


TIME 
POT 


0226 
0227 
0228 
0229 
0231 
0232 
0233 
0235 
0236 
0236 


1133 
1135 
1135 
1136 
1137 
1139 
1140 


1257 
25, 
1258 
1258 
1259 
1300 
1301 
1301 


DOWN 
3/V 


ORG 


1487.2 
1486.0 
1485.6 
1485.3 
1483.6 
1482.7 
1481.3 
1480 .3 
1479.9 
1480.0 


1487.7 
1486.8 
1482.8 
1479.3 
A779 
1477.9 
1477.9 


1489.1 
1485.8 
1482.0 
1480.9 
1480.1 
1478.7 
1478.0 
1477.§ 


TABLE 2 (Continued) 


TEMP 
(“c 


STATION N-1 


11.92 
170 
10'-99 
10.84 
10.30 
10,00 
veces 
Jae 
Gao 
9.18 


STATION N-8 


12.30 
oT 
10.13 
9.05 
8.47 
8.34 
SJE 


STATION N-9 


11.48 
10.29 
8.91 
8.54 
B27 
7.79 
7.51 
Te31 


DEPTH 
M 


265 


TIME 
PDT 


UP 


S/V 


TEMP 


ane meee 


DEE 


_{M) 


15 
30 


24 
65 
75 
on 
98 


16 


83 


DOWN 
TIME S/V 
PDT SEC 
1428 1486.8 
1429 1483.6 
1431 1482.1 
1432 1480.9 
1434 1480.1 
1435 1479.1 
1436 1478.5 
1437 12775 
1507 1477.3 
1508 1477.3 
1639 1483.0 
1640 1476.8 
1645 1474.2 


TABLE 2 (Continued) 


TEMP 
(°C) 


DEPTH 
M 


STATION N-10 


I~P~J~T~2 © 
@ 6 
PP WN OD 
NWI AS 


OTATION N-l1 


11.42 


9.60 


SoZ 
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TIME 
PDT 


1659 
1659 
1659 
1658 
1658 
1658 
1658 
1658 
1658 
1657 
1657 
1657 
1657 
1656 
1656 
1656 
1655 
T1655 
1655 
1655 
1654 
1654 
1653 
L653 
1652 
1651 
1651 
1650 
1648 


UP 


1483.0 
1483.1 
1483.1 
1483.1 
1483.0 
1482.8 
1482.0 
1478.5 
1476.8 
1476.3 
1575 Jo 
1475.7 
1475.4 
1475.2 
1475.4 
75 21 
1474.8 
1474.5 
1474.5 
1474.3 
1474.0 
1474.0 
1474.1 
1474.1 
1474.2 
1474.4 
1474.5 


(M4) 


2 
16 


32 
38 
46 


52 


72 
84 


PDT 


1802 
1803 
1804 
1804 
1804 
1804 
1804 
1804 
1804 
1805 
1805 
1805 
1805 
1806 
1806 
1806 
1807 
1807 
1807 
1808 
1808 
1808 
1810 
1810 


1934 
E> 


1935 
1935 


1936 
1936 
1936 
Loe 


1937 
1938 


1938 
1939 


OK 


1481.8 
1481.9 
1481.9 
1481.6 
1479.9 
1477.6 
1476.7 
1476.4 
1476.3 


WA Oss” 


1476.2 
1475.9 
1476.2 
1475.7 
LA oe 
1475.7 
1476.0 
1475.8 
1475.7 
1475.7 
1475.2 
1475.1 
1474.9 
1474.8 


VASAeS 
1482.1 


1481.8 
1480.4 


1476.8 
VA On 
1476.9 
1476.7 


1476.9 
1477.0 


1476.8 
1476.7 


TABLE 2 (Continued) 


Oo 


OLATION N-12 


10.93 
10.94 
10.95 
10.91 
10 .'70 
10.12 
9.50 
9.34 
9.21 
9.26 
eee 
oe 
alee 
8.98 
Boon 
8.92 
8.92 
8,88 
8.78 
See 
5.71 
8.54 
8.50 
8.43 


STATION N-13 


11.05 
O32 


11,01 
LOR oe 


9254 
9.40 
9.38 
9231 


9.32 
9.23 


9.16 
9.10 
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M 


17 
a7 
38 


67 


86 


PDT 


1945 
1945 


1944 
1944 
1944 
1943 


1943 


1942 


SEC 


1482.1 
1482.0 


1480.7 
1471.8 
1476.6 
1476.9 


1476.8 


1476.4 


DEITH TIME S/V TEMP DEPTH TIME o/V TEMP 


11.03 
10.96 


10.24 


9.36 
9.28 
9.29 


ae 


8.93 


DEPTH 


89 


96 
102 


13 


26 
33 


46 
52 
a7 
65 
72 
a 
85 
105 
201 
303 


14 
22 
29 
36 
49 
62 
81 
93 


107 
a9 
lal 
132 


TIME 
1939 


1940 
1941 


2146 
24,7 
2147 
2147 
2147 
2147 
2147 
2147 
2147 
2147 
2147 
2148 
2148 
2148 
2148 
2149 
2149 


0142 
O144 
0145 
0146 
0147 
0148 
0150 
0151 
0152 
0153 
0153 
0155 
0156 
0156 
0157 


0329 
0330 
0331 


DOWN 
S/V 


1476.4 


1476.1 
1475 36 


1484.8 
1484.2 
1481.2 
1480.3 
1479.6 
1478.5 
1478.3 
1478.1 
1478.0 
1477.5 
1477.3 
1477.0 
1477.2 
1476.8 
1476.7 
1475.9 
1474.5 


1481.4 
1481.5 
1481.6 
1481.3 
1478.0 
1477.5 
1477.1 
1476.1 
1476.9 
1476.2 
1476.1 
1476.1 
1475.9 


W432.9 
1483.2 
1481.3 


TABLE 2 (Continued) 


TEMP 


8.95 


8.86 
8,67 


DEPTH TIME 


Io ae 


STATION N+14 


12.01 
11.96 
11.03 
10.79 
16). 35 


STATION O-1 


11,00 
10.97 
10.97 
10.84 


STATION O-2 


11.44 
11.45 
10.79 
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UP 


1476.3 


S/V 


DOWN UP 
DEITH TIME S/V T EMP DEPTH TIME S/V TEMP 
_(M)__(ppr) _(w/sec) (°c) (M) (PDT) (M/SeO) (Pe) 

23 0553 1299.7 10.27 
30 0334 1477.8 9.70 
45 0335 1476.2 9.13 
60 0336 1476.0 8.99 
73 0338 HA 5. 5 8,76 
89 0339 1475.4 8.64 
105 0341 1475.0 8.46 
119. 0342S «d474.8 834 
133 0344 1474.5 8.20 
7° 90346 1474.7 8.16 
171 0349 1474.8 §.10 

STATION O~3 
O 0545 1482.5 11.30 
7 0547 1478.0 9.84 
15 0547 1476.0 9.25 
22 ©0548 1475.8 9.10 
31 0549 1475.2 8.91 
38 0550 1475.0 8.79 
BS O55) WZ7L.7 | 672 
52 0551 1474.6 8.61 
59 05520——1474.2 8.43 

STATION Pel 
Ll 0742 1481.1 10.80 
4 0743 1481.1 10.79 
10 0743 1481.1 10.76 
14 0744 “1279.4 0.51 
5 mors, | ala. 7: Wo.o9 
19 0744 1476.2 9.30 
20 0744 1475.8 9.13 
25 WO745 1475.6 “9101 
30 90745 W4ae.9 98.77 
33 70R26 $ie7e.9 8 «4&Sr75 
37 0746 1474.5 8.66 
LO wom? 8127245  wee62 
45 wO7LT 1472.5 agms9 
50 O748 1474.6 8.57 

STATION P-2 
0 0903 1481.1 10.97 
1 0903 1481.1 10.99 
12 0906 1476.3 9.29 
aL 0907 1474.8 8.81 
32 0909 1474.7 8.70 


TABLE 2 (Continued) 
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DEFTH 


_(M) 


10 
14 
et 
20 
25 


29 


TIME 
PDT 


1211 
1214 
1214 
2 1E7 
1219 
1220 
1221 
1222 
1223 
1224 
1224 
1225 


1414 
1416 


1416 
1416 
1417 
1417 
1417 
ey 
1417 
1417 
1418 
1418 


1549 
1549 
1550 
1550 
1550 
1550 
1550 
5 Lt 
oe 
i552 


} 


DOWN 
o/V 
M/SEC 


1481.9 
1481.7 
1481.9 
1480.3 
io.° 
1476.1 
1474.7 
1474.6 
1474.6 
1474.6 
1474.6 
1474.6 


1482.2 
1482.0 
1481.2 
1480.6 
1480.5 
1477.6 
VAG 
1476.3 
1475.3 
1475.1 
1475.0 
1475.0 
1474.9 


1482.5 
1481.4 
1479.9 
1478.8 
Ve eS 
1476.2 
1475.1 
1474.5 
1474.4 
1474.4 


TABLE 2 (Continued) 


TEMP 
OC 


STATION Rel 


11.42 
122 
11.22 
10.47 
10.34 
9.21 
8.75 
8,68 
8,66 
8.65 
S205 
8.65 


ATION R-2 


11.80 
os 
11.54 
ee 
11.02 
10.04 
9.60 
9.25 
7eL0 
Sos 
8.79 
8.74 
8.72 


STATION R-3 


yao) 
1.57 
10.96 
10.37 
9.77 
9.36 
8.93 
8.69 
S05 
8.64 
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DEPTH 
M 


UP 

TIME S/V 

PDT M/SEC 
1554 1482.5 
1554 1482.1 
1553 1478.5 
1553 A779 
152 1476 
1552 1475 3 
1552 1474.3 


TEMP 
0G 


19 
Li 7 7 


7 30> 
9.67 
9.30 
oo 


8.64 


DEITH 


(M4) 


Ie: 
15 
If 
22 


TIME 
PDT 


2246 
2247 
2247 
2247 
2247 
2247 
2248 
2248 
2248 
2248 
2249 


2349 
2352 
2352 
2352 
2352 
2352 
E00 


0049 
0049 
0050 
0050 
0050 
0050 
0051 


TABLE 2 (Continued) 


STATION R-4 


STATION S-l 


STATION S-2 


DOWN 

S/V TEMP 

SEC 2 

WSano lise 
1482.0 11.78 
1479.8 11.23 
1478.0 Tao 
IAG 7/3) 9.75 
Laie 9.00 
1474.6 8.75 
1474.5 8.69 
1474.7 8.69 
1474.8 8.70 
1474.8 8.70 
WiSe2005 11.34 
1478.0 Gaon 
77.6 954 
VEO 9.05 
A/D. 7 9.05 
1475.4 8.93 
1475.2 8.84 
1480.2 10.47 
LAT9se ©610e29 
Taieee lO 7G 
1478.6 9.90 
VAG IL Jone 
1475.9 9.09 
A, a 9.05 


DEPTH 
M 


10 
15 


23 
28 
30 


10 
13 
a5 
ee 
22 


TIME 
PDT 


2252 


2252 
2251 
2251 
2251 
2250 
2250 


0053 
0053 
0052 
0052 
0052 
0052 
0052 
0051 


UP 


5/V 
SHC 


MA ed 


1476.9 
1474.9 
1474.6 
1474.5 
1474.7 
1474.7 


1483.4 
1482.3 
1481.9 
1481.2 
1479.8 
1479.0 
1478.5 
1475.9 


TEMP 


977 


9.41 
8.84 
8.71 
8.68 
8.70 
8.70 


dea 
172 So 
11.06 
10.44 
10.17 
993 
9519 
9.05 


TABLE 3 


BEAM TRANSMITTANCE DATA 
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STATION D-1 STATION D-6(2 STATION D-7 
DEITH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE 
m m _(m) (%fm) m m 
DOWN UP DOWN UP DOWN UP 
2.4 “p20 0.0 Pel 25.2 On, 59.5 
5.4 @@.o ia: 27.9 mre 03.5 
Tea, 0:0 v4 49.4 12.4 pve. 
Of Bex 22a 12.4 39.0 17.4 65.0 
lem, 41.5 ero 63,2 DER, 63.0 
Lie, 51.4 et 51.2 Ze 1346 
124 2s od “64.2 32.4 72.5 
13e,, 29.0 244 62.3 Gita 5825 
14.4 Loa a4 ~ 00.7 42.4 55a8 
15.4 15.9 40.9 32.4 69.1 1] ee Ol 7, 
Fae 21.6 37.4 61.8 52.4 55.1 
18.4 15.6 Lehi Os 57.4 59.5 
20.4 6.5 Bile LIM 62.9 62.4 62.3 
52.4 60.4 CT: 68.1 
Sad, 65.6 lene 69.2 
62.4 69.5 (jee One 
67.4 69.0 
f25,. 71356 
Wel 70.8 
STATION D-8 STATION D-9 STATION D~10 
ple Tee Qed, 58.6 Oe 58.6 
Ta, Goma fol 21.5 Tsk. “G620 
12.4 60.1 ey, 55.0 ane, 5403 
17.4 Te Me, 91.1 17.4. 63.6 
20m. 718.7 pap 60.0 22.8 45.0 
27.4 73.9 Bie, 73.8 27m 10.8 
32.4 18,7 32 10g 32 67.6 
37.4 59.1 ce «| foe 37 TT 
[AD 59.2 agg A 75.3 42.4 76.8 
47.5 Sie Lie, ©8.8 Lgeae 78.9 
52.4 67.9 52.4 52.2 52.4 79.8 
57.4 80.0 Bea | 38.60 57.4 80.2 
62m. 81.4 62.4 43.6 62.4 79.6 
Gia4 8255 67.4 53.4 67.4 78.9 
end. 81.9 Wed, 68.8 ome 69.6 
Vig. 85,0 Wnt 60,8 Ti DS 


TABLE 3 
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STATION D~11 STATION D-13 STATION Dm14 
DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE 
(m) (%/m) (m) (%/m) m m 
DOWN UF DOWN UP DOWN UP 
Zaks 61.5 Zed, 5 204 “a. 31.6 
Tee 86 © 25 ‘lee 38.0 (@ 50.4 
ae, «= eee 5765 lame” 5766 12% 36.8 
17.4 60,6 7nd 77.7 lime. 5902 
22.4 69.9 62.5 2264, 8=— 873 22.4 ° 62.8 
eae, 74.2 21ak 87.7 27.4 78.8 
3224 71.8 32664 °0=—C (91.0 3264 87.6 
B7.4.. 71.9 37.4 90.4 37S, «4 83.2 
nd 68,2 42.4 88.5 42.4 81.6 
taek 61.0 Tal, 87.4 AT me OOO 
52.4 76.7 EZ «S762 52.4 83.8 
S724. 78.8 57.4 84.0 
62.4 81.0 62.4 83.8 
67.4 &1.8 CTee alee 
924 81.9 724 84.0 
77.4 79.0 TL. TBLe0 
STATION Fal STATION Fa2 STATION F-3 
2.4 65.0 24 44el OO 52.2 
ve... 64.0 704 75,0 24 52.6 
128 60.8 12), 77.5 74 39.6 
17.4. 65.1 17.4 81,1 1234 65.1 
22.4 62,2 220 80.1 17% 72.6 
27.4 79.3 2ae4 83.2 22.4 10¢3 
32.4 71.9 32.4 85.3 214 718.5 
37.4 82.8 37.4 86.1 32.4 T7.4 
42.4 82.3 42.4 85.6 37.4 79.1 
47.4 83.8 Aoee «= 8 42.4 T9 4 
52.4 . 84.1 52.4 86,3 278 81.5 
57.4 86.9 Sieh 87.0 52.4 80.3 
62.4 86,8 62.4 84.8 57.4 > 82<il 
67.4 86.9 67.4 83.9 62.4 81,8 
7256 87.1 Veet 80.1 Gye, 82.7 
fiee 87,1 We ) 6Ocl Vee 82.8 


TABLE 3 


STATION G-1 STATION Ge2 STATION He} 
DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE 
m m (m) (%/m) m m 
DOWN UF DOWN UP DOWN UP 
0,0 50.4 0,0 ; 204 P 
74 63.0 lt 74.7 7.4 82.8 
12.4 61.0 12s 1365 12.4 Ties 
17a 63.4 17 De 17s4 ©6678 
22 4 69.5 22e8 78.6 224 [Cia 
27.4 73.4 21.4 81,6 lean (ose 
32.4 76.7 2.4. 77.4 32 ae 84.5 
37.4 77, le 37.4 84.2 37.4 86.1 
42.4 ize 42.4 V7 42.4 82,3 
47.4 T7 li 45.4 88.2 47.4 80.9 
52.4 Tlep 47.4 88.2 5 Zea 80.1 
5724 81.7 eee 86.6 57.4 $2.0 
62.4 | 82.1 57.4 86.0 62.4 81.0 
67.4 79.9 ey 86.6 67.4 82.9 
67.4 87.4 710.4 84.0 
TOL, 87.4 
STATION H-2 STATION He3 STATION H-4 
2.4 42.30 wd3.2 0.0 65.6 0.0) 862.7 53.3 
lam 60.3 49.1 Lee 66.1 O05... 6322 56.0 
1204 55 ae 62.8 54 67.4 20 OD 
17.4 66,6 66.1 7.6 68.2 5.5 ee 
2222 66.7 12.4 68.4 8.5) «74.1 
27 ae 68.9 7 we 69,1 10.5 68.1 
3204 71.2 220 72.2 15.5 al2.7 
37.4 W22 27 oe 72,8 2055) “we2 62.0 
42.4 72.9 Seas ak 25. 61 
47.4 72.6 42.4 74.1 30.5 78.9 Tle 
52.4 TS ode 52.4 763 35 . e204 78.4 
Dilate 73.8 6254, 76.3 LOS = "6h.3 
62.4 T93h T2.4 77.8 50.5) 62.6 S154 
67.4 75.0 55a Soar 
72.4 76,6 60.5 84.5 
65.5 130 
(Gao. 1957 
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TABLE 3 


STATION J=1 STATION Ju2 STATION J=3 
DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE DEFTH TRANSMITTANCE 
m m (m) (%/m) m m 

DOw N UF DOWN UP DOWN or’ 

0,0 26.4 0.0 28.5 0.0 29.6 

0.5. 36,0 0.5 28.0 0.5 29.7 

5.5 46.8 5.5 29.1 5.5 29.5 
Gude S3ee 7.5 28.5 10.5 29.6 29.1 

9.5 53,0 12.5 28.5 15.5 31.0 
14.5 49.3 16,5 45.7 17.5 57.8 

19.5 46.5 19.5 57.8 20.5 52.3 

2.5 ketene 24.59 49.0 25.5 65.0 

25.5 39.5 24.5 Tae 30.5 Wed 

27.5 Ty 35.5 76.8 

32.5 62.2 40.5 78.8 

37.5 68.4 45.5 Teme 
42.5 46.8 47.5 79.3 

50.5 52.8 
55.5 46.3 

60.5  2iee 

STATION Ja4 STATION J—5 STATION J=-6 

0.0 39.5 0.0 55.8 0.0 52.8 
0.5 mdnee 0.5 55.3 0.5 5he3 
5.5 ~3ee2 3.5 59.6 3.5 51.1 
7.5 36.5 5.5 60.5 5.5 18.5 54.2 
qige 5 68.8 10.5 69.2 10.5 39.6 36.2 
15.5 Ez 15.5 77.3 13.5 63.4 62.0 

25.5 Wey 20.5 18.7 15.5 63,0 

35.25 78.6 25.5 82,3 20.5 68.5 
45.5 79.5 30.5 83.7 25.5 69.2 Taek 
50.5 716.0 3565 = OL.2 30.5 74.3 ; 

55.5 52.7 40.5 84.7 35,5 Tee 

60.5 Shel L5o5™ 84.7 40.5 179.1 

65.5 51.4 50.5 84.3 45.5 80.3 
55.5 81.1 50.5 81.5 81.0 

60.5 80.1 5525 81.2 

65.5 73.8 60.5 82,3 

(OG 1/2 65.5 79.7 

70.5 71.5 
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TABLE 3 


STATION J=7 STATION J=8 STATION J-9 
DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE DEPTH TRANSMITTANCE 
(m) (%/m) (m) (%/m) m m 
DOWN UF DOWN DOWN UP 
a0 58.5 29.3 0.0 61.0 O55 61,8 
oe 5 die. B35, 7 O¢5 61.2 a5 62.7 
6.5 58.0 58.0 oe} 62.6 10.5 65.0 
8.5 76.1 Seo 65.4 12.5 68.5 
10.5 61.0 80.0 10.5 70.3 14.5 71.9 
13.5 83.0 15.5 723 18.5 75.9 
15.5 80.0 84.7 20.5 Th.4 22.5 78.9 
20.5 83.9 © 25.5 86.6 25.5 81.3 
25.5 84.0 85.5 Ose 89.0 30.5 Woe 
30.5 85.2 i on5 89.6 40.5 1520 
37,5 $5.3 55.5 88.5 50.5 76.1 
40.5 85.4 65.5 87.9 60.5 76.9 
oe 85.7 65.5 76.9 
B06) So, 7 
55.5 &5 .0 
60.5 B5.5 
65.5 S565 
STATION J—10 STATION Loa STAT LONGH=2 
0.5 36.9 36.9 O55 54.9 0.5 51.8 
BE5 38.4 De 5560 Jeo 51.5 
5.5 60.5 60.2 525 55 eal ooo 51.1 
10.5 60.4 62.6 20.5 56,6 10.5 5057 
1585 65.2 nS 5 63.8 15.5 53.6 
20.5 66.9 66.9 20.5 62.5 20.5 68.8 
25.5 68,6 25.5 74.8 30.5 70.0 
30.5 70.4 30.5 771 40.5 70.0 
B55 72.8 Soo 77.9 50.5 68,2 
40.5 76.2 a7 eee 76.5 60.5 66.5 
45.5 78.0 5555 Tae 70.5 52.8 
50.5 79.2 65 a5 74.5 (oa 50.4 
55.5 79.8 15 5 70.6 80 65 48.1 
60.5 80.2 82.5 Vie 
83.5 71.8 
84.5 71.8 
$5.5 51.5 
86.5 5a 
90.5 53.6 
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TABLE 5 


SALINITY DATA 


STATION D=10 


DEPTH SALINITY 
(m) ( OOo ) 
O 33.645 
5 33.682 
15 33.185 
20 33.805 
25 33.839 
50 33.870 
70 33,877 
75 33.898 
STATION D-13 
0 Bon 550 
5 33 657 
10 33 685 
15 330782 
20 33.741 
30 33.765 
45 33.793 
50 338804 
STATION F-1 
0 33.605 
10 Bo, 0le 
15 33.638 
20 33.641 
30 33.672 
40 33.768 
60 33 845 
70 33.859 
STATION N-7 
10 33.657 
16 23.753 
20 33.880 
30 339880 
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